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e’d like to introduce our family of instrumenta- 
tion software. Most of you have met one 
or more of our software products already. 

Software System Architecture 
Our family has several levels of software products - 
application software, driver software, and utility soft- 
ware. With several levels of software, you can choose 
the software that matches the needs of your application. 

Driver Software 

Our foundation is our driver software - Nl-488.2, 
NI-DAQ, and NI-VXI. Each has a common interface, 
so regardless of your computer platform, your programs 
are portable. Best of all, these drivers are delivered with 
our hardware. 


Utility Software 

Many of our hardware products also include utility 
sofware, such as DAQWare'"and the new SpectrumWare™. 
Utility software helps you get up and running quickly 
with your hardware. 

Application Software 

LabVIEW, LabWindows, and the new LabWindows/CVI, 
our award-winning application software products, are 
widely known in the world of instrumentation. Our 
application software is built on our driver software and 
is also portable across popular operating systems. 

When it comes time to build your next instrumentation 
system, give us a call. We’d like you to get to know 
our family better. 






fz NATIONAL 
M INSTRUMENTS 


Call for FREE Demo Software 
s (800) 433-3488 

■n. c o . .. , , , „ (U.S. and Canada) 

The Software is the Instrument ® 

6504 Bridge Point Parkway • Austin, TX 78730-5039 • Tel: (512) 794-0100 • 95 (800) 010 0793 (Mexico) • Fax: (512) 794-8411 
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Branch Offices: Australia 03 879 9422 • Austria 0662 435986 • Belgium 02 757 00 20 • Canada 519 622 9310 • Denmark 45 76 26 00 • Finland 90 527 2321 • France 1 48 65 33 70 • Germany 089 714 50 93 
Italy 02 48301892 • Japan 03 3788 1921 • Netherlands 01720 45761 • Norway 32 848400 • Spain 91 640 0085 • Sweden 08 730 49 70 • Switzerland 056 27 00 20 • U K. 0635 523545 
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Electron 

microscope image 
of dust particles 
on a VLSI chip, 
rendered and 
enhanced with 
MATLAB. 

Data courtesy of 
MIT Microsystems 
Technology Labs. 


See beyond the limits of ordinaiy 
image processing- with MATLAB 


The Image Processing Toolbox is the latest 
addition to the MATLAB Technical Computing 
Environment. In the world’s most powerful 
system for numeric matrix computation, an 
image is simply a matrix. That’s why yeu can 
take image processing further with MATLAB. 

Open doors to advanced image processing 

The MATLAB Image Processing Toolbox gives 
you an unrivaled ability to visualize, manipulate, 
and analyze images and two-dimensional signals. 
It’s easy to explore, apply, and create the innov- 
ative image processing methods that let you 
keep up with— and advance— the leading edge. 

Break through the barriers 

Until now, all image processing packages— 
whether menu-driven or programmable— have 
fallen short when it comes to crunching the 
numbers behind the images. 

The Image Processing Toolbox is different. 

It gives you all the tools you need within the 
interactive MATLAB environment. You can treat 


image data visually or numerically with equal 
ease. You never have to transfer or scale data or 
juggle multiple packages, so you get accurate 
results immediately. 

Build on a solid foundation 

In MATLAB, you can easily modify any function 
or add custom tools without writing a single line 
of Fortran or C code. 

You can also create portable GUI applica- 
tions that look and feel like pre-packaged soft- 
ware, but address specific end-user problems. 

Free your imagination 

Image processing technology has become 
essential to scientific and engineering work. 

And now, within the MATLAB environment, 
you can easily integrate image processing with 
powerful computational techniques such as 
statistics, optimization, and neural networks. 

Move beyond the limits of ordinary image 
processing packages with the MATLAB Image 
Processing Toolbox. 


Image Processing Toolbox 

• Image and feature enhancement 

• Image restoration and filtering 

• Linear and nonlinear filter design 

• Image analysis 

• 2-D transforms 

• Color, geometric, and morphological 
operations 

• Color, gray scale, and binary images 
and sequences 

• Imports/exports standard image formats 

• Runs on PCs, Macs and workstations 

To order or for more information, call 

508 - 653-1415 


The 

MATH 

WORKS 


24 Prime Pork Way 
Natick, MA 01 760-1 500 
Fox: 508/653-6284 
Email: info@mathwofks.com 


MATLAB is a registered trademark of The Math Works. Inc. 
For More Information Write In No. 578 
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Low Profile 15-W DC/DC Converters 

The new AHV >800 Series of 15W DCDC 
Converters features high power densities and 
ruggedized low profile packages only 0.405 
inches high. They are available in single, dual 
and triple output models and are fully com- 
pliant with MIL-STD-704 (A-E). MIL-STD-883 
and MIL-H-38534. All AHV 2800 DODC con- 
verters withstand the 80-Volt surge requirement of MIL-STD-704A and 
operate over the full military temperature range of -65*C to +125*C 
with no derating of power output. These devices all have nominal 28 
VDC inputs and operate over a 16 VDC-40 VDC range. 

The AHV 2800 Series feedback design is impervious to temperature, 
radiation, ageing or variations in manufacture. The unique circuitry 
provides high control loop gain, high phase margin, and an extremely 
wide bandwith. 

For Moro Information Wrfto In No. 516 


Low Profile 12-W DC/DC Converters 

The AHF 2800 Series of DODC 
Converters feature single or dual outputs over 
the full military temperature range. No derat- 
ing in output power is required, making them 
suitable for use in rugged military applica- 
tions. The low profile, small outline package is 
ideally suited to the tight board space re- 
quirements of many industrial and aerospace applications. Designed 
for nominal 28 VDC Inputs, this family of converters meets all the 
requirements of M1L-STD-704D. 

The proprietary magnetic feedback circuit provides for an 
extremely wide bandwidth control loop with a high phase margin. 
These converters are manufactured in a facility fully qualified to 
MIL - STO- 1772. Two temperature ranges and screening grades are 
available to satisfy a wide range of requirements. 

For More Information Write In No. 517 


Triple Output 30-W DC/DC Converter 

The ATR 2815T triple output DC/DC 
Converter provides 30 watts of output power 
over the full military temperature range with 
no derating. This device is pin compatible with 
ATO Series converters but offers twice the 
maximum output power in a lower profile 
package. A custom CMOS ASIC pulse width 
modulator and a patented magnetic feedback circuit reduce circuit 
complexity and enhance reliability. This converter provides 500 -Volt 
input to output isolation and operates in a highly efficient single 
forward mode. 

The advanced design features an extremely wide bandwidth 
control loop with high gain and phase margin, the control loop is 
compensated to provide optimum performance over the full military 
temperature range and over the 16- to 40- Volt input voltage range. 

For Moro Information Write In No. 518 





High-Power 40-W 
DC/DC Converter 

The AFW 
2805S hybrid 
DC/DC Con- 
verter features 
high power 
density and full 
military 

temperature range operation without 
output power derating. The advanced 
feedback design provides fast loop re- 
sponse for superior line and load trans- 
ient characteristics and offers greater 
reliability than devices incorporating 
optical feedback circuits. The basic 
circuit topology is a push-pull config 
unit ion operating at a nominal switch- 
ing frequency of 500 KHz. 

This device is designed to meet 
MIL-STD-704A input requirements 
offering full performance over a 16- to 
50- Volt input range and operating at 
80 Volts for 100 milliseconds or 
100 Volts for up to 5 milliseconds. The 
APW 2805S is packaged in a nigged 
parallel seam welded steel case using 
ceramic feedthrough pins to assure true 
long term hermeticity. 

Write In No. 519 

Space Application 
DC/DC Converters 

Advanced Analog's high-perform 
ance DODC Converters are now being 
shipped for mission-critical space 
applications. To meet space require- 
ments, proven radiation-hardened 
components are used in all necessary 
areas, such as the custom integrated 
circuits and power MOSFETs. And, 
because the magnetic pulse feedback 
circuits do not use opto-couplers or 
generate spurious RF energy, they are 
unaffected by time, temperature or 
radiation. These converters are all 
implemented using thick film hybrid 
technology and are fully certified and 
qualified to MIL-STD-883. 

Write In No. 520 

Military Video DACs 

Advanced H 
Analog intro- | 
duces two new 
video D-to-A a 

converters: * 

the VDAC 1800 
Series and the 
RGB DAC 3400SW. Both DACs are 
screened to MIL-STD-883. 

The VDAC 1800 Series consists of 
8-bit monolithic devices that provide 
latches for input data, and produce 
clean video output signals, driving 
75- or 37.5-ohm loads at an update rate 
of up to 80 MHz. All models can also 
produce composite sync and blanking 
signals, plus reference black, 
reference white, and 10% bright. 

The RGB DAC 3400SW combines 
three video-speed DACs, internal 
temperature-compensated reference, 
and all the control lines necessary for 
a complete RGB graphics color 
monitor interface. Ail this in a single, 
monolithic, low-power, CMOS/ITL- 
compatible IC. 

Write In No. 521 





Introducing a true 100K 
rad-hard DCDC Converter 
for aerospace programs. 

For mission-critical satellite and 
space probe systems, now there’s a 
high -density power source specifically 
designed to stand up to hostile radia- 
tion environments; TheART2800 
Series from Advanced Analog. 

This new design uses thick-film 
hybrid technology and proven rad-hard 
components. It delivers up to 30 watts 
of single, dual or triple output power, 
over the full military temperature 


range. And it’s guaranteed to withstand 
a total dose of 100K rad (Si)-with a 
2:1 design margin-and to tolerate 
extreme dose-rate upset, latchup and 
neutron fluence. 

The ART2800 Series meets the 
derating requirements of MIL-STD-975 
and MIL-STO-1547, is designed to com- 
ply with MIL-H-38534, and is manu- 
factured to space application require- 
ments in a facilitv Mv qualified to 
MIL-STD-1772. 

Advanced Analog is the recog- 
nized technology leader in high- 
reliability microcircuits for militaiy 


and aerospace applications. The first 
DC/DC Converter supplier approved by 
DESC on Standard Military Drawings, 
our DC/DC Converters and other devices 
have tested the outer limits from the 
Patriot missile to the MLRS to the Space 
Shuttle to the C-17 aircraft. 

To get your rad-hard project off 
the ground quickly, call (408) 988-4930 
today. Or fax us at (408) 988-2702. 


/I Advanced 
Analog 

' " adivision of Intech 

2270 Martin Ave., Santa Clara, CA 95050 







RSR 512 ROTARY DATA RECORDER 

You may not need all 64 channels today. 

Then again, maybe you do. Either way, 
the Metrum RSR 512 is the route to take. 

You can get going with as few as eight 
channels. When you need more, just call and 
order additional 8-channel plug-in modules. 

They’re ready when you are. 

And accessing all those channels is a snap. 
With the push of a button, you simply select 
how many channels you want to use. Choose 
to use one channel on one test. And up to 
64 on the next. The choice is yours. 


Of course, the RSR 512 doesn’t just give 
you flexibility. It gives you speed. And lots 
of it. With a range of, you guessed it, 512:1. 

Plus, it has a wide dynamic range of 70 dB. 
A frequency response of dc to 80 kHz. Even 
a high-speed digital output option. 

So call and find out more about Metrum’s 
extremely fast and very flexible RSR 512. 

It’s the rotary data recorder that’ll get you 
where you want to go. 

No matter how fast you want to get there. 

M = T R U M 


HOW TO GO FROM 
± TO 64 CHANNELS 
IN SECONDS. 


OR YEARS. 



For literature write in 575 
For a product demo write in 574 


FOR MORE INFORMATION ON THE HOT METRUM RSR 512 RECORDER, CALL 1-800-METRUM-2. 



QuikVu II DAS software 
adds a new dimension 
to TEAC s 100 Series DAT 
data recorders 



MORE CHOICES, GREATER CAPABILITY , 
LESS COST. Now you can choose single or 
double speed, 2 to 16 channels with a 
maximum frequency response from DC to 
20 kHz, at prices as low as SI 175 per DAT 
channel*. The S/N ratio of the TEAC 100 
Series recorder is greater than 78 dB, 
coupled with a maximum 1° phase 
differential between channels. Record 
times run up to 3 hours. 

There’s a full range of dedicated annotation 
features including time code, ID, tape 
counter, recorder conditions and voice 
memo. Control options including GPIB, 
direct digital control with digital download, 
and wired remote control unit. 

If dial’s not enough, there’s tape compat- 
ibility' across most of the 100 Series recorder 
family; 3 072 Mbits/sec. biphase or 2.0 
Mbits/sec. NRZL serial digital recording; 
and a built-in microphone mid speaker. 

Plus optional Mil-Std- 1 553 record/playback 
or PCM interfaces. 

Suitable for either lab or field use, the 100 
Series DAT data recorder weighs as little as 
13 pounds; is rugged; and can operate on 
AC or DC power w ith optional battery' backup. 

Take a quick look at TRAC’s QuikVu" // 
and the 100 Series recorders and you’ll 
know w hy we’re still #1 in small format 
data recorders. 


•RD-I45T 

Spccilicyiion*. It-aiuR-* and prkrs xit to dungt* wnlxaii notice 
QuikVu » a trademark of TEAC 




Leds say you coated fa previeuo da.fa 
before you record. 



fed's say you u>and fa manipulate* 

skirl fames and reference levels. 



Led's say you cuaxd fa analyze, tfo/ddy 
and then download dlrecf/y 


Introducing QuikVu "II, a single disk, 300KB data acquisition program you can 
learn to operate in less than 1 hour. Now you can manage your data with user- 
friendly prompts and English commands. Before, during and after recording. 
QuikVu'" II is compatible with most TEAC 100 Series DAT data recorders. 

For More Information Write In No. 614 

TEAC 

INFORMATION PRODUCTS DIVISION 

7733 Telegraph Road. Montebello, CA 90640 
West 213-7264)303 Ext. 461 East 508-683-8322 


©1993 TEAC. America, Inc 









'CORKOhATIONi 


On orders entered by 


5:00 pm central time, 


NO RUSH FEES!! 

Plus, new extended liours 
Now open until 
7:00 pm central tihne. 


Toll Free: 
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26 Special Focus: 

Test & Measurement 

26 System Measures Pressures Aboard a 
Compressor Rotor 
28 Testing for EM Upsets in Aircraft Control 
Computers 

30 Automated System Tests Ferroelectric 
Capacitors 

31 Equipment for Testing Beam-Waveguide 
Antennas 

32 Miniature, Cooled Pressure-Measuring 
Probe 

36 Electronic Components and Circuits 

0 36 Measuring Differential Delays With Sine- 

Squared Pulses 

40 Optoelectronic Receiver for Communica- 
tion and Control 

42 Half-State Readout in Vertical-Bloch-Line 
Memory 

43 Metal-Film Hall-Effect Devices 

44 Electronic Systems 

44 Computer-Controlled, Motorized Positioning 
System 

46 Measuring Frequency Instability of a 
Large Antenna 


60 Computer Programs 

60 Software for Three-Dimensional Stress and 
Thermal Analyses 

60 Programs To Optimize Spacecraft and 
Aircraft Trajectories 

64 Program Analyzes Performance of a Wind 
Tunnel 

64 Program Computes Performances of 
Scramjets 

64 Transportable Applications Environment 
Plus, Version 5.1 

69 Software for Nearly Optimal Packing of 
Cargo 

70 TOAD Gateway 

70 Program Predicts Microstructural Changes 
in Materials 

72 Mechanics 

@ 72 Actuator Exerts Tensile or Compressive 
Axial Load 

74 Six-Degree-of-Freedom Parallel 
Minimanipulator 

75 Estimating Fluctuating Pressures From 
Distorted Measurements 
76 Magnetic Check Valve 
77 Temperature-Operated Valve 
78 Hydraulic Extractor for Electronic 
Connectors 

80 Elongation T ransducer for Tensile T ests 

82 Machinery 

» 82 Low-Flow-Rate Dry-Powder Feeder 

83 Lightweight Tool Grinds Back-Side Weld 
Beads 

84 Tool-Changing Mechanism for Robot 
86 Piston-Skirt Lubrication System for 
Compressor 


50 Physical Sciences 

50 Inspecting Pipe Radiographically Through 
Asbestos Insulation 
50 Oil-and-Gas-Fire Snubber 

54 Materials 

54 Desulfurization of Gas-Turbine Blades 
56 Polyimides Containing Pendent Ethynyl 
Groups 

58 Aromatic Polyimides Containing Meta- 
Biphenoxy Moieties 

59 Insoluble, Low-Dielectric-Constant 
Polyimides 




87 Fabrication Technology 

87 Floating Vacuum Skimmer for Emulsion 
Cleaning 

88 Inert-Gas Diffuser for Plasma or Arc 
Welding 

88 Improved Abutting Edges for Welding in 
Keyhole Mode 

89 Robotic T ool Changer for Automated 
Welding 

91 Powder-Curtain Feeder for Coating 
Filament Tow 
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To Backup 50 GB, Two Recording 
Heads Are Better Than One. 


Single: 

Drives can 
operate 

independently. 


Cascade: 

Data automatically writes 
to the second tape when 
the first tape is full. 


Mirroring: 

Writes the same data 
to both tapes 
simultaneously. 


Striping: 

Writes data to two tapes at 
once, in alternate blocks, 
doubling capacity and speed. 


> Write-Mirrored EOT 18.2 Comp [ > Write-Mirrored EOT 10.2 Comp 

25,480 MB Rena i riing 1180 KB/S 00.3 ECC [25,430 MB Renaming 1108 KB/S 88.3 k ECC 


rJ 



CY-8505 


Introducing the dual drive 
CY-8505 with the Advanced SCSI 
Processor. 

Working independently, each 
drive can store up to 25 GB, at speeds 
of up to 90 MB per minute. So it's 
perfect for unattended backup. 

But performance really hits the 
ceiling when the drives work together. 

Four selectable recording modes, 
plus offline copy and verify , give you 
the flexibility to write 50 GB of data 
any way you need to. 


For More Information Write In No. 548 


Consider it a data storage 
management tool, a solution that will 
solve the problems you encounter 
every day. The need for higher 
capacity and speed; the need to make 
duplicate tapes for off-site storage 
and data exchange; the need for real- 
time status information-and the 
need to save resources and boost 
productivity on every level . 

Each tape drive offers the most 
advanced in data recording technol- 
ogy. Our hardware data compression 


option is the fastest available. And it’s 
switch-selectable, so you can read 
and write uncompressed data for 
compatibility with other sites. Add 
accelerated file access to locate a single 
file in an average of 85 seconds. And 
we even offer a data encryption option 
that lets you control access to 
sensitive data. 

All this, and the proven reliability 
and price performance of 8mm 
helical scan tape storage. 

We back this turnkey solution 
with a two year warranty that in- 
cludes responsive service and 
technical support from our in-house 
engineering group. 

If you need a data storage 
solution that means business , call 
today for more information at: 

(804) 873-9000 

CONTEMPORARY 

CYBERNETICS 


TRUE COMPATIBILITY WITH 


Alliant 

Convergent 

DEC Unibus 

IBM S/38 

NeXT 
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Alpha Micro 
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PICK 
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Unisys 
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DEC Q-Bus 
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IBM RT 
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Graphics 

Wang— and more 
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On the cover: 

This computational fluid dynamics simulation depicting airflow 
pressures around a vertical takeoff and landing aircraft was 
created at NASA's Numerical Aerodynamic Simulation (NAS) 
facility. Located at Ames Research Center, the NAS supercom- 
puter system provides six billion FLOPS of computational power 
and links approximately 1400 industry, university, and govern- 
ment users in a high-speed network. For more on NASA 's use of 
computers for design, test, and analysis, see the tech briefs on 
pages 60, 64, and 75. Photo courtesy Ames Research Center 
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and Reports 

Estimating Costs of Aero- 
space Construction 
Damping Bearings in 
High-Speed 
Turbomachines 
Advances in Magnetic 
Bearings 

Terminal Model of 
Newtonian Dynamics 
More About the Enhanced 
Projection-and-Assembly 
Method 

Particle-Displacement 
Tracking in Two Speed 
Ranges 

The Greenhouse Effect 
Over Oceans 
Aerodynamic Effects of 
Deicing and Anti-Icing 
Fluids 

Locating the Geocenter from GPS 
Measurements 

Optimum Detection of Slow-Frequency- 
Hopping Signals 


A computerized positioning system developed at Lewis Re- 
search Center enables robotic manipulation of samples in a 
custom-built secondary-ion mass spectrometry system. A micro- 
processor-based control subsystem supports manual local or 
computerized remote control for accurate, four-degree-of-free- 
dom positioning. Turn to page 44. Photo courtesy Lewis Research Center 
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Two Money Saving Deals 
For First-Time Customers* 


Deals may vary each month, so phone Algor right away for details! 

#1: Power Starter Pak 


Includes Everything Shown 



Solid Modeling 

e s i g n 
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Sr 
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11 
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Linear Stress, Vibration and Natural Frequency Analysis with ViziCad Plus. The most popular and widely used finite ele- 
ment analysis processors. Complete with Algor’s powerful modeling and post-processing software. 


Hexagen Automatic 3-D, 8-Node “Brick” Solid Mesh Generator. The world’s first fully-automatic, 8-node “brick” solid 
mesh generator. Works from a surface mesh for total control of mesh density and model accuracy. Develop solid models 
faster and perform more design iterations in less time. 

Supergen Automatic 2-D Mesh Generator. Create triangular, quadrilateral, or mixed meshes with the touch of a button. 
You have complete control of the mesh density in all parts of your model. 


Supersurf NURBS Surface and Solid Modeler. Quickly build solid or surface models. Supersurf automatically generates 
sophisticated 3-D NURBS surfaces and, with Hexagen, develops 8-node "brick" meshes for solid models. 



Beam Design Editor. Faster, easier creation of models that include beams and trusses. Perfect for modeling towers, bridges 
and other specialized designs. 


#2: Power Master Pak 

Includes Everything Shown in Package Number 1, PLUS: 



Add-Ons 


in 

•Steady-state and transient heat 


CO 

>» 

transfer 


•Nonlinear heat transfer 



•Steady-state and transient fluid flow 

CD 

•Composite materials 


< 

•Electrostatics 



•ASME, CAD-based piping analysis 


with code checking 



•Kinematics and rigid-body dynamics 


* RLE DR, 

When the Engineering 


Has to be Right 


Accupak Nonlinear Stress and Vibration Analysis. Adds nonlinear material Chosen by more than 10,000 engineers 
and large deformation analyses. in over 60 countries. 


EAGLE Design Optimization Control System. Algor's unique and powerful 
engineering software control environment. Adds sensitivity analysis, design 
optimization and complete concurrent engineering capabilities. Also includes 
the Concurrent Engineering Handbook. The “must-have” EAGLE compan- 
ion for concurrent engineering and design optimization. Provides real-world 
examples in written form and on disk. 


II you are or have ever been an Algor customer, we have special deals lor you, too. 
Call today and ask lor your account manager 


For DOS, UNIX and Windows NT 

1 50 Beta Drive 

Pittsburgh, PA 15238-2932 USA 
Phone: (412) 967-2700 
Fax: (412) 967-2781 
California: (714) 564-2541 
Europe (UK): +44 (784) 442 246 
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Initial design of a cable damp and the optimized 
design determined by V68's neu shape 
optimization capability Tbe optimized design on 
the right weighs 9% less than the original design, 
uitbout exceeding the stress limits. 


Sound pressure 
levels as 
determined by 
tbe acoustic 
optimization 
capability in 
V68. Tbe red 
line shows tbe 
initial model 
and tbe blue 
line shows the 
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MSC announces a whole new era of power and efficiency. 


we \«iwx 


The world’s FEA standard-bearer announces a 
technological advancement 
of singular significance: 

Version 68 of MSC/NASTRAN. 

V68 gives engineers and 
analysts an unprecedented 
array of innovative new 
features, including p element 
adaptivity, nonlinear analysis, 1 
shape optimization, heat 
transfer and even larger problem solving 
capabilities. Call 1-800-336-4858 for more 
information. MSC/NASTRAN V68 — Simply more 
powerful and efficient than anything the design 
analysis world has ever envisioned. 


SIMPLY powerful: 


Results of MSC/NASTRAN V68 
thermal analysis of forced 
air convection over a 
printed circuit board beat 
exchanger 


This nonlinear 
analysis of a snap 
connector illustrates 
tbe slide line contact 
and byperelastic 
analysis capabilities 
in V68 


With V68, adaptive p elements can be combined with 
b elements in a single model, allowing for accurate and 
efficient analysis. 


optimized 
model, which 
results in a peak 
pressure 
reduction of 
30dB 
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CESIUM ACCURACY — 
AT Mo THE PRICE! 

Introducing GPStat ”, the first 
low-cost GPS referenced fre- 
quency error measurement sys- 
tem. GPStat uses the Global 
Positioning System satellites to 
report frequency error in your 
clock or oscillator system. 

Key features include: measures 
any frequency from lOOKHz to 
11MHz, automatic determination 
of popular frequencies, user 
selectable input frequency, 
1 PPS output, optional Windows™ 
software. 

GPStat applications include: 

telecommunications, metrology/ 
calibration, oscillator evaluation, 
LORAN C frequency monitor 
replacement. 



Odetics 

PRECISION TME DIVISION 

1515 South Manchester Avenue 
Anaheim, California 92802-2907 
(714) 758-0400 Fax (714) 758-8463 

For More Information Write In No. 400 
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NASA has a portfolio of 3000 patents and 
pending applications available now for li- 
cense by businesses and individuals, in- 
cluding these recently patented inventions: 

Conically Scanned Holographic Lidar 
Telescope 

(U.S Patent No. 5,255.065) 

Inventor: Geary Schwemmer, Goddard 
Space Flight Center 

Recent developments in holographic optical 
elements (HOEs) permit the design of light- 
weight telescopes particularly useful for lidar 
remote sensing applications. Constructed to 
diffract only a narrow wavelength band, a 
holographic telescope can reduce or elimi- 
nate the need for optical blocking and inter- 
ference filters. Mr. Schwemmer has imbed- 
ded an HOE in an optical system receiver, 
enabling the telescope to collect light over its 
entire aperture and focus it to a small spot 
that will not move when the device is rotated. 
For More Information Write In No. 700 

Method of Reducing Drag in Aerodynamic 
Systems 

(U S. Patent No. 5,236, 155) 

Inventor: Frank J. Hrach, Lewis Research 
Center 

Mr. Hrach has joined laminar flow control 
with boundary-layer thickening to reduce 
drag in aerodynamic systems. A conven- 
tional thruster moves an aircraft to create 
airflow over its surface and into ram air 
turbines mounted there. The turbines drive 
compressors that suck in lower-boundary- 
layer air through inlets in the aircraft shell, 
producing laminar flow control. The air is 
expanded in a nozzle to generate thrust and 
then released over the aircraft's surface to 
create boundary-layer thickening. 

For More Information Write In No. 701 

Phenylethynyl-T erminated Poly(Arylene 
Ethers) 

(U S. Patent No. 5,268,444) 

Inventors: Brian J. Jensen, Robert G. 
Bryant, and Paul M. 
Hergenrother, Langley Center 
A new series of phenylethynyl-terminated 
poly(arylene ethers) can be thermally cured 
to resins useful as adhesives, composite 
matrices, and moldings. Ethynyl and substi- 
tuted ethynyl groups have been incorpo- 
rated into conventional poly(arylene ethers) 
to provide resistance to jet fuel, hydraulic 
fluid, paint strippers, and other organic sol- 
vents as well as temperature cycling. 

For More Information Write In No. 702 

Method for Controlling Protein 

Crystallization 

(U S. Patent No. 5,256,241) 

Inventor: David A. Noever, Marshall Space 
Flight Center 

Protein crystallization is necessary in deter- 
mining the three-dimensional atomic struc- 
ture of proteins. Mr. Noever's technique uses 
active drop shaping to control evaporation 


and protein supersaturation for successful 
crystallizations. A drop of protein solution is 
placed between and in contact with a pair of 
plates. Adjusting the spacing between the 
plates provides an easy, inexpensive means 
of controlling crystallization conditions. 

For More Information Write In No. 703 

Wide-Angle Imaging System With Fiber- 
Optic Components Providing Angle- 
Dependent Virtual Material Stops 
(U.S. Patent No. 5,266.795) 

Inventor: Arthur H. Vaughan, Jet Propul- 
sion Laboratory 

Strip images having a 180-degree field of 
view, as provided by Mr. Vaughan's optical 
system, are needed in such applications as 
terrain mapping, oceanographic studies, 
planetary exploration, and cloud surveillance. 
The system employs an arc-shaped spheri- 
cal mirror section for receiving light from a 
wide-angle strip of a target image and for 
reflecting the light into optical fibers for trans- 
mission to a detector. Inexpensively con- 
structed and easily maintained, the device 
limits optical and thermal distortion as well 
as chromatic aberration. 

For More Information Write In No. 704 

Guanidine Based Vehicle/Binders For Use 
With Oxides. Metals and Ceramics 
(U.S. Patent No. 5,256,452) 

Inventors: Warren H. Philipp, Lisa C. 

Veitch. and Martha Jaskowiak. 
Lewis Research Center 
The deposition of thin metallic films on sub- 
strates by metallo-organic decomposition 
dates back to 1830, when bright gold was 
used to decorate porcelain. The technique 
offers advantages over chemical vapor depo- 
sition for coating ceramic fibers with thick 
coatings of oxides and unreactive metals. 
The Lewis team uses guanadine salts of 
organic fatty acids as vehicles for coating 
substrates and as binders to hold the coating 
to the substrate prior to sintering or firing. 
The soaps can be burned off completely, 
leaving no undesirable residue. 

For More Information Write In No. 705 

Electronic Neural Network For Solving 
“Traveling Salesman" and Similar Global 
Optimization Problems 
(U.S. Patent No. 5,255,349) 

Inventors: Anilkumar P. Thakoor, Tuan A. 

Duong, Alexander W. Moopenn, 
and Silvio P. Eberhardt Jet Pro- 
pulsion Laboratory 

An easily implemented, high-speed neural- 
network-based processor comprises a novel 
hybrid architecture employing a binary syn- 
aptic array. The array incorporates the fixed 
rules of “traveling salesman" problems, such 
as the number of cities to be visited on the 
salesman's tour. Two interconnected feed- 
back networks each solve part of the prob- 
lem independently and simultaneously, yet 
can exchange information dynamically. 

For More Information Write In No. 706 
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Just follow the bright lights. 

Only a Keithley switching 
mainframe lets you switch such a 
broad range of signals. 

And only a Model 7002 features this 
brilliant LED channel 
display. Each light 
represents a channel. 

See the open/close 
status of all 400 channels 
simultaneously. 

Contact Keithley 
Instruments for fast, free 
help designing your test 
system using a 
400-channel Model 7002, 
an 80-channel Model 7001, or the 
switch of your choice. Simply call 
1-800-552-1115 and ask to speak with 
an applications engineer. Ask for a 
free Switching Handbook, too. 


KEITHLEY 



Model 7001 

Model 7002 

Density (2-pole) 

Up to 80 channels 

Up to 400 channels 

Current Range 

lOIAto 5A 

10fA to 5A 

Voltage Range 

30nV to 1.3kV 

30nV to 1.3kV 

Ohms Range 

nlltoTO 

nil to TO 

Frequency Range 

DC to 500 MHz 

DC to 500 MHz 

Scanning Speed 

Up to 225 ch/sec 

Up to 400 ch/sec 

Card Slots 

2 

10 

Main Display 

VFD 

VFD 

Channel Display 

VFD 

LED Grid 

Memory Ixxrations 

100 

500 

Light Pen 

NA 

Optional 
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Post-Show Report 


WL 


ith over 7500 registrants 
from across the US and a host of new exhibitors and symposia, the 
Technology 2003 national technology transfer conference held 
December 7-9 in the Anaheim, CA convention center was by all 
measures the biggest and best of the series thus far. 



Thousands of engineers, 
executives, and scientists 
from a wide range of in- 
dustries packed the Tech- 
nology 2003 exhibits hall 
to see the best new US 
and international tech- 
nologies available fir 
commercialization. 


T he conference theme was de- 
fense conversion/technology rein- 
vestment and the atmosphere 
was all business. Nearly 1000 attendees 
packed the opening plenary session 
focused on the government’s Technol- 
ogy Reinvestment Project (see excerpts 
of speeches beginning on page 18). 
Robert Paster, president of Rocketdyne, 
set the tone with his opening remarks: 
“Proactive technology transfer, both as 
policy and as a reality, is in full swing.” 
Greg Reck, NASA associate administra- 
tor, added: “The Clinton Administration 
has asserted its dedication to a new 


partnership between government, indus- 
try, and academia, to tearing down walls 
that have inhibited meaningful coopera- 
tion in the past... We can reclaim our 
leadership in the world marketplace by 
embracing a new paradigm, a new way 
of doing business. It’s precisely this type 
of interchange (at Technology 2003) that 
will redefine the role of commercial tech- 
nology in society." 

In the exhibits hall and meeting 
rooms, attendees took these words to 
heart, crowding around government and 
company displays to explore coopera- 
tive R&D, licensing, and other commer- 


cial agreements with tech transfer 
agents. (We’ll report on some successful 
tech transfers in upcoming issues.) As 
one federal lab exhibitor put it, “(the at- 
tendees) were ready to roll up their 
sleeves and get down to business, and 
so were we." 

Over 230 exhibitors showed their lat- 
est inventions, services, and products, 
including 80 federal laboratories repre- 
senting a dozen government agencies. 
First-time exhibitors included the Nation- 
al Security Agency, the Federal Aviation 
Administration, Indiana University, and a 
pavilion of international tech transfer 
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Post-Sho Report 









TECHNOLOGY 

TRANSFER 

AWARDS 

IkDINNER 


Switzerland 


I % A record number of attendees toured the 80,000 
square foot exhibits hall, i • Dr. James Clark, 
chairman and founder of Silicon Graphics, shared 
his vision of the future of computing at the 1993 
Awards Dinner. 3 • Switzerland was among nearly 
a dozen nations represented in the international 
pavilion. 4. The US Air Force demonstrated a sys- 
tem that generates true 3D sound for simulation and 
other applications. 5. NASA's six Regional 
Technology Transfer Centers, which help businesses 
access federal technology, attracted steady traffic in 
the exhibits hall. 


organizations from Russia, Israel, Italy, 
Austria, Switzerland, the United King- 
dom, Canada, and other countries. 

One highlight was an appearance in 
the NASA pavilion by actress Madlyn 
Rhue, who has multiple sclerosis. She 
described how NASA-spawned technol- 
ogy has helped to improve her quality of 
life (see story on page 1 6). Another was 
the awards dinner address by Dr. James 
Clark, chairman and founder of Silicon 
Graphics Corp., who demonstrated, 
using large-screen graphics, how 3D 
visual computing, virtual reality, and 
other advanced computing techniques 


are changing the way we present and 
use information. 

Technology 2003 was the center- 
piece of National Technology Transfer 
Week in Anaheim, which also featured 
meetings by the National Technology 
Transfer Society, the Federal Laboratory 
Consortium, and the American Society 
for Photogrammetry & Remote Sensing. 
In addition, there were special work- 
shops sponsored by the General Ser- 
vices Administration (on how to market 
to the federal government), the California 
Economic Development Department 
(covering employment opportunities for 


local engineers), and Auburn University 
and NASA (on new precision casting 
technologies). 

This year, Technology 2004 will be 
held a month earlier than usual — Nov. 
8-10 in the Washington, DC convention 
center. Several exciting new features are 
planned, including an adjunct confer- 
ence on federal photonics technology 
called LaserTech ‘94 (details to follow in 
upcoming issues). If you would like infor- 
mation on attending Technology 2004 
and the other events of Technology 
Transfer Week, please write in number 
451 on the reader information card. 
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Space Technology Brings Relief To MS Patients 



F or actress Madlyn Rhue, NASA 
technology has meant a dramatic 
improvement in her quality of life: 
a return to reading, drawing, and enjoy- 
ing long lunches with friends — all nearly 
impossible several months ago. 

Rhue suffers from multiple sclerosis 
(MS), a neurological disease afflicting 
approximately 300,000 people in the 
US. During an MS attack, inflammation 
occurs in regions of the central nervous 
system, accompanied by a loss of 
myelin — a fatty covering that insulates 
nerve cell fibers. Myelin facilitates the 
smooth, high-speed transmission of elec- 
trochemical messages between the brain 
and spinal cord and the rest of the body. 
When myelin is damaged, information 


VII Personal Cooling System (PCS) uti- 
lizes patented FlexiTherm™ panels inte- 
grated into a lightweight cap-vest gar- 
ment. A water-based fluid cooled to 
about 1 0 °C is circulated through tubes 
in the cap and vest to comfortably lower 
body core temperature from 1/2 to 1 °C 
in approximately 30 to 40 minutes. This 
can alleviate such MS symptoms as 
fatigue, loss of balance, slurred speech, 
impaired vision, and loss of coordina- 
tion. It also can enhance endurance dur- 
ing exercise and physical therapy. 

“The application of cooling to treat 
MS has been in the medical literature for 
over a hundred years — studies in the 
1970s indicated that it works by improv- 
ing the transmission of signals along 

damaged nerves," said 

LSSI president John 
O’Neill. “However, the 
LSSI cool suit is the 
first practical system 
for cooling. Most of 
the earlier research 
was done by immers- 
ing patients in a sling 
into swimming pools 
with little floating ice- 
bergs. Can you imag- 
ine a physician telling a 
patient to do that three 
or four times a day?” 


At a Technology 2003 press conference , actress and multiple 
sclerosis patient Madlyn Rhue [above/ related how a NASA- 
derived coot suit [at right/ has alleviated her symptoms of 
blurred vision and fatigue. 


transmission may be slowed or blocked 
completely, leading to diminished or lost 
function. As the myelin disappears, it is 
replaced by scar tissue, hence the name 
“multiple sclerosis." At present, there is no 
cure or prevention for the disease. 

Yet, as Rhue demonstrated at a Tech- 
nology 2003 press conference, wearing 
a NASA-derived cool suit can offer symp- 
tomatic relief to many MS patients. 
Manufactured by Life Support Systems 
Inc. (LSSI), Mountain View, CA, the Mark 


LSSI is conducting research on a 
new design that will reduce core tem- 
perature faster in less time. The compa- 
ny also works closely with the Multiple 
Sclerosis Association of America (MSAA) 
to give patients access to the cool suits. 

“We have invested over a million dol- 
lars in our cooling program, supporting 
60 clinics throughout the country,” said 
MSAA president John Hodson, Sr. “I’ve 
lived with this problem most of my life 
and I haven’t seen many things come 


down the pike that really help. Cooling’s 
got my adrenaline flowing and I’m 
pleased to be a forerunner in the med- 
ical field making it available.” 

The association recently sponsored a 
clinical study of cooling technology con- 
ducted by Dr. Wallace Toutellotte, chief 
of neurology at the UCLA Medical 
Center. Two-thirds of the subjects expe- 
rienced reduced fatigue and improved 
ability to ambulate for up to 3 hours after 
cooling. Several subjects also reported 
long-term improvements in quality of life 
over the study weeks. 

Rhue, who has been using the cool 
suit since last October, recalled the first 
time she tried it on: “Within an hour, you 
could notice visible changes in my skin 
and eyes. My blurry vision cleared right 
up,” she said. “With regular use my brain 
got so clear, I got busy on so many pro- 
jects and, best of all, I didn’t wear out.” 

MSAA hopes to expand its program 
to reach 100,000 patients in clinics na- 
tionwide. The association is testing ways, 
such as providing subsidies, to make it 
affordable for patients to have the cool 
suits at home. Current retail prices for 
the units range from $2000 to $3000. 

MSAA and NASA are currently dis- 
cussing a program of MS education, 
awareness, and advocacy within the 
NASA network, where the cool suit got 
its start. The technology originated in a 
1 968 program at Ames Research Center 
that produced a spacesuit undergar- 
ment for cooling astronauts. In 1971, 
Ames awarded a contract to Acurex 
Corp. to develop a liquid-cooled helmet 
liner for pilots. In 1 980, William Elkins, 
formerly with Acurex, founded LSSI and 
gained control of the related patents to 
pursue commercial applications. 

Elected last year to the Space Tech- 
nology Hall of Fame by the US Space 
Foundation, the cool suit can be used to 
treat other conditions such as hypohi- 
drotic ectodermal dysplasia, a rare skin 
disease characterized by the absence of 
sweat glands. The wide range of mili- 
tary, industrial, and recreational applica- 
tions include armored vehicles, petro- 
chemical refining, hazardous materials, 
boiler room operation, glass manufac- 
turing, steel mills, firefighting, agricultural 
crop dusting, and race car cockpits. □ 

For more information on the cool suit, contact 
Life Support Systems Inc. 1400 N. Shoreline 
Blvd., Suite A-4, Mountain View, CA 94043. 
Tel : 800-929-9808; Fax: 4 15-962-9806. 


16 


NASA Tech Briefs, February 1994 


The Delta Clipper Experimental DC-X. 



B REAKTH R D U G H 


I S YD U RS. 


Some people called McDonnell Douslas 
Aerospace's mission "unthinkable": develop 
a prototype reusable single-stage rocket 
vehicle in less than two years. And do it on 
a budget that was unthinkably tight. 

But only eighteen months later and under 
budget, McDonnell Douglas’ Guidance Navigation and Control 
Group delivered flight control software for the Delta Clipper 
Experimental rocket. On its first flight on August 18, 1993, the 
autonomously controlled DC-X performed flawlessly, taking 
off and landing vertically, right on target. 

That’s a breakthrough. And that's the kind of results 
we at Integrated Systems, Inc. hear consistently from users 
of our MATRIX/ Product Family tools. In fact, a recent survey 
showed that MATRIX x users cut development cost and 



time-to-market by up to 67%. These are the gains that 
McDonnell Douglas and others have learned to expect from 
the industry's only complete mathematical analysis, modeling, 
simulation, code generation and hardware-in-the-loop 
prototyping environment. 

"The MATRIX x design tools made it possible to 
meet the ambitious schedule, budget and technical goals for 
the DC-X," declared Matt Maras, GN&C Software Program 
Manager, McDonnell Douglas Aerospace. 

If we can help 

McDonnell Douglas perform the 
"unthinkable,” imagine what 
Integrated Systems and our 
MATRIXx Product Family can 
do for you. 



integrated 

systems 


(800) 932-6284 
e-mail info@isi.com. 


© Copyright 1993 Integrated Systems, Inc. All Rights Reserved. MATRIX x is a registered trademark. Other products and brand names 
are trademarks or registered trademarks of their respective holders. 
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Following are excerpts from speeches at Technology 2003 plenary sessions covering the 
Technology Reinvestment Project, a program of matching grants to explore commercial 
applications of government-funded R&D, and dual-use technology development. 

Technology Transfer and Defense Reinvestment: An Industry Perspective 

Robert D. Paster, President 

Rocketdyne Division, Rockwell International 


I'd like to expand briefly on NASA 
technology transfer efforts, the Tech- 
nology Reinvestment Project (TRP), and 
Cooperative Research and Development 
Agreements (CRADAs), including an as- 
sessment of changes and mechanisms 
that character- 
ize the new 
thinking in de- 
fense conver- 
sion and rein- 
vestment. 

NASA ad- 
dresses tech- 
nology transfer 
in several ways: 
(1) with NASA 
Tech Briefs-, and (2) by urging local busi- 
nesses to bring technical problems to 
regional NASA offices for resolution. 

There is also NASA's ambitious out- 
reach program, designed to bring its 
enormous range of research and techni- 
cal expertise to industry for new spinoff 
creations. 

Examples of spinoffs are emerging 
from the space station and the 
NASA/DOD National Aero-Space Plane 
programs. Novel elements for electrical 
contactors developed in connection with 
the space station's electrical power sys- 
tem now are marketed commercially by 
Kilovac Inc. The company is supplying 
power contactors to Lockheed for inclu- 
sion in the F-22, to Boeing/Sikorsky for 
use in the Army’s Commanche heli- 
copter, and to General Motors/Delco for 
their prototype electric car. 

Materials developed for the National 
Aero-Space Plane have been applied in 
a diverse array of new products, includ- 
ing artificial limbs and joints, computer 
actuator arms, catalytic converter foils, 
camera shutters, and piston rings. 

Similar performance can be expected 
with the TRP, now well underway. The 
162 winning selections [as of December 
1 993] — involving more than 400 organi- 
zations representing a wide spectrum of 
technologies — will receive nearly $415 
million in matching funds from the fiscal 
1 993 budget allotment. 


Among the winners is a consortium 
including GM Hughes Electronics, IBM, 
Micromodule Systems, Microchip, Poly- 
con, and Texas Instruments that has 
joined with Sandia National Laboratories 
to develop a new method of intercon- 
necting integrated circuits on a common 
substrate. Power One Inc., together with 
Rockwell International, Polystor Corp., 
Aerojet, and Lawrence Livermore Lab- 
oratories, plans to develop an affordable 
manufacturing process for aerocapaci- 
tors — a super capacitor that offers a 
ten-fold increase in energy density over 
current capacitors. TRW Space and 
Electronics Group has proposed devel- 
oping precision laser machine tools for 
drilling, cutting, welding, and heat-treat- 
ing mechanical and composite parts on 
manufacturing assembly lines. 

Finally, CRADAs make available lead- 
ing-edge technology from federal labo- 
ratories. The Clinton Administration has 
called for the budgets of all federal labo- 
ratories to earmark 1 5 to 20 percent to- 
ward commercial projects. 

Integral to all of this— and consistent 
with new policies toward business/gov- 
ernment relationship — is the matter of 
cost-sharing. 

In 1960, the Defense Department 
permitted contractors to consider inde- 
pendent research as allowable. How- 
ever, costs of development were strictly 
limited to product lines for which the 
government had contracts. The govern- 
ment also consistently maintained that 
costs incurred in co-sponsored projects 
should be disallowed. 

In the 1970s, IR&D concepts were 
developed. However, companies had to 
demonstrate the relationship between 
the costs and a particular military func- 
tion. Arbitrary cost ceilings were im- 
posed by Congress in the 1980s, re- 
sulting in inconsistencies and inequities 
throughout the industry. Concurrent with 
this stifling treatment of research costs, 
the government was very protective of 
nonrecurring funds expended on new 
products. A recoupment charge re- 
quired the contractor to make payments 


to the US government when the con- 
tractor made a commercial sale or other 
transfer of products or technology. 

Contrast these regulations with our 
current climate: 

At the end of 1991, the DOD an- 
nounced that IR&D costs incurred by 
defense contractors would qualify as in- 
kind contributions made under coopera- 
tive agreements. Furthermore, the DOD 
indicated that the resulting contracts 
were not the type of contract anticipated 
under the Federal Acquisition Regula- 
tions (FAR). 

CRADAs were another step in the 
development of user-friendly instru- 
ments to initiate and define a program of 
cooperative research between industry 
participants and government laborato- 
ries. While CRADAs took a large step in 
promoting technology transfer, there 
were still difficult issues to be resolved in 
the areas of intellectual property, liability, 
publication, and nondisclosure terms. 

More progress was made in the 
summer of 1 993 when the FAR recoup- 
ment provisions were withdrawn and the 
Technology Reinvestment Project was 
established, giving ARPA statutory 
authority to award funds for research 
projects on user-friendly terms. The fun- 
damental principal announced by ARPA 
was that government contract regula- 
tions would not apply. This means that 
(1) FAR does not apply; (2) intellectual 
property terms are negotiable; and (3) 
DCAA is not a participant. 

You should view all of this as a wat- 
ershed change from business — and 
government — as usual. The rules have 
changed, and you can expect very dif- 
ferent results from the experience of the 
near past. What was once a restrictive 
arrangement has become a working — 
and growing — cooperative with benefits 
to both industry and government that 
are well beyond our most optimistic 
expectations. The bottom line for you 
here today is that it represents an extra- 
ordinary opportunity. I urge you to make 
the most of it. 

continued on page 20 
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Final approach is no place 
to think about flight control actuators. 

W hen safety is at stake and concentration is critical, the last thing you need on your mind is 
your flight control system hardware. 

At Kollmorgen Inland Motor we’ve put the thought into the design, manufacture and testing 
of your electromechanical actuation system long before it becomes a part of your aircraft. 

Aviation and aerospace designers worldwide have called on our expertise to support some 
of aviation’s best ideas. Kollmorgen Inland Motor supplied the first flightworthy primary 
control EMA built, an upper-rudder actuator for commercial aircraft. Today we supply 
actuators for a variety of aviation and aerospace applications, from military and commercial 
aircraft to modern missile systems. 

Our experienced concurrent engineering teams and skilled manufacturing groups can work 
with you to quickly deliver prototypes tailored to your specific actuation needs. Kollmorgen 
Inland Motor can integrate motor, control electronics, and mechanics in-house to produce 
actuators that achieve minimum size and weight for your specifications. And our involvement 
doesn’t stop here. Superior product support both before and after the sale enables use of our 
actuation systems in the most critical of applications with complete confidence. 

The next time you need worry-free electromechanical actuation, call on the name known for 
reliability. Kollmorgen Inland Motor. 




KOLLMORGEN 


Inland Motor 


501 First Street, Radford, VA 24141 800,365.6686 Tel/703.731 .4193 Fax 

For More Information Write In No. 580 




The TRP’s Progress and Future Prospects 

Steven G. Wax, Chief of Staff 


Technology Reinvestment Project 

First, a reminder of where the Tech- 
nology Reinvestment Project (TRP) fits 
in. The current administration is con- 
vinced that an 
integrated mili- 
tary/commer- 
cial/industrial 
base is essen- 
tial to supply 
both advanced, 
affordable mili- 
tary systems 
and competitive 
commercial pro- 
ducts. TRP is one of the key administra- 
tion programs. It involves six agencies: 
NASA, the departments of Energy, De- 
fense, and Transportation, the National 
Science Foundation, and the National 
Institute of Standards and Technology. 
There are three arms to the program: 
development, deployment, and manu- 
facturing education and training. 
Technology development focuses on 
dual-use technologies, trying to foster 
that integrated base. Deployment is try- 
ing to assist small- and medium-sized 
businesses to make the best use of 
technologies and capabilities that al- 
ready exist. Manufacturing education 
and training involves trying to reform the 
educational structure, to make manu- 
facturing a more substantial part of the 
higher education curriculum. 

The funding comes from eight pro- 
grams within the defense conversion of 
$1 .8 billion for fiscal year '93. Approxi- 
mately $470 million of that was set aside 
for technology reinvestment falling in 
eight statutes, including $7 million for 
the Small Business Innovation Research 
program. Four of the statutes relate pri- 
marily to development, two are exten- 
sion programs, and two are education 
programs. 

It’s important to know the require- 
ments for the main TRP program. Every- 
thing is competitive. The emphasis is on 
partnerships between the federal gov- 
ernment and the proposers, who must 
put up at least half of the money. We 
think that’s extremely important since it 
commits the proposer to the project. 

We received over 2800 proposals for 
the main solicitation due July 23 from a 
diverse array of participants. For the 
approximately $465 million available, we 
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received requests for $8.5 billion. We 
are extremely sensitive to the hard work 
that went into every one of those pro- 
posals and the fact that we are going to 
be able to fund only a few of them. 

We had a multi-tiered selection pro- 
cess. First, we divided the proposals by 
the three technology areas: technology 
development, technology deployment, 
and manufacturing. The first tiers were 
made up of over 300 evaluators from 
across the agencies who evaluated the 
proposals against the criteria, based on 
a quantitative scoring approach. 

The fifth and final review looked at all 
three areas to make sure they matched 
and that the TRP was presenting a uni- 
fied program. It then was presented to 
key members of each agency, who ap- 
proved the recommended program with- 
out alterations. Every proposal was eval- 
uated by, in general, a member from 
each of the agencies. Of all things, we are 
proudest of the evaluation process, which 
insures proposals are fairly selected. 

Several TRP myths were debunked. 
The winners included companies we 
don’t normally think of as defense con- 
tractors: Johnson & Johnson, Apple, 
and Rio Grande Medical. People said it 
was not for defense contractors, but we 
had winners from Rockwell, Hughes, 
and GE. Others said TRP is not for small 
business, yet 38 percent of the winning 
proposals had small businesses on 
them. And 47 percent of the technology 
development proposals had a small 
business as at least one of its pro- 
posers. Universities were well-represent- 
ed as well. We were told the way we 
constructed the solicitation made it very 
difficult for national labs to participate, 
which also proved false. All the organi- 
zations got their labs involved. 

People asked: Do I propose a big 
project with lots of people? A small pro- 
ject with just a few people? Where’s 
your bias? The answer is we had no 
bias. We were interested in what you 
were proposing and how well it met the 
criteria. Consequently, we had a very 
large range in numbers of participants 
and dollar values on winning proposals, 
from 20-30 participants to some with 
just a couple. We had a dollar range 
from $80,000 to $20 million. We didn't 
bias by region. 


We saw some very meaningful and 
unique collaborations. We also saw 
some that weren’t so meaningful or 
unique. There were examples of site vis- 
its where we observed “partners” intro- 
ducing themselves to one another. It's 
obvious in the proposal when a propos- 
er really isn’t fitting into the plans. 

We also had a lot of participation 
from state and local governments. The 
fact that a state backs a proposal does 
not help it in the evaluation process, but 
can make the proposal viable. For 
example, if you are a small business and 
cannot come up with the matching 
funds, the state can help with that— but 
you win or lose on merits. 

One other important area is the idea 
of cost matching. The whole concept of 
having proposers put up 50 percent is 
to show that the proposer wants to get 
to the end product just as badly as does 
the federal government. That’s kind of 
unique, certainly for the DOD, which in 
general just pays somebody to get 
where defense wants to go. In this case, 
it’s a true partnership. 

Some things quite clearly were not a 
good cost match, such as cases in 
which the proposer put up things done 
long ago without thought to their value 
to the proposed program. If the pro- 
posers had one difficulty, it was with the 
business side of the TRP proposals — 
coming up with a good plan to get a 
product and coming up with a decent 
cost matching. 

What's next? The FY ‘93 selections 
have been made — we’re waiting for the 
final round of announcements. We have 
about $50 million dollars more to pro- 
vide. We’re also trying to make some 
decisions about FY ‘94. Our plan over 
the next several weeks is to send out 
letters to those proposers who will not 
receive funds. The first letter will be from 
ARPA, saying “we’re sorry you weren’t 
selected....’’ Our plan is to follow that 
with some help and feedback on how 
they did in the evaluation process. As for 
‘94, the statutes again are well-funded, 
certainly in the technology development 
area, and there will be some breaks for 
small businesses. It's almost certain that 
we will be spending some ‘94 money on 
deserving ‘93 proposals. 

continued on page 106 
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.Voa are invited to answer this 

Call Jfe r ‘Papers 


TECHNOLOGY 



November 8-10, 1994 

Washington, DC Convention Center 

T echnology 2004, the world's largest technology 
transfer conference and exposition, offers a unique 
forum to present new inventions and innovations to 
America's top technology managers. Over 8000 cor- 
porate executives, project leaders, design engineers, 
and technology acquisition managers are expected to 
attend the three-day event, to discover technology ad- 
vances they can use in developing products or improving 
their manufacturing/production processes. 


Who Should Present Papers 

Researchers from federal agencies/laboratories and 
their contractors who have produced important new 
technologies that are available for commercial use. 


Paper Categories 

Papers should describe innovations developed by or for a 
government agency/laboratory in one of the following cate- 
gories: 

Advanced Manufacturing 
Biotechnology 
Computer Software 


novelty and commercial potential (see abstract format). 
Abstracts submitted by government contractors should 
include the name of the agency/laboratory for which the 
work was done and the contract number. An independent 
industry panel will judge the abstracts on the basis of tech- 
nical merit and potential commercial or industrial applica- 
tions. All submitters will be notified by June 30, 1994. Mail 
or fax abstracts to: 

Leonard A. Ault 

Program Chairman, Technology 2004 
Code CU 

NASA Headquarters 

300 E Street SW, Washington, DC 20546 
FAX: (202) 358-3938 


Environmental Technology 
Materials Science 
Simulation/Virtual Reality 
Video/Imaging 
Robotics 


Artificial Intelligence 
Computer Hardware 
CAD/CAE/CASE 
Electronics 
Life Sciences 
Medical Technology 
Power & Energy 
Test & Measurement 



deadline $or Submission 

Paper abstracts must be submitted to the Program Chair- 
man no later than April 29, 1994. They should be 1 to Ql WStionS? Call Leonard Ault at (202) 358-0721 

1-1/2 pages long and MUST describe the technology's or Michael Hackett at (202) 728-2080. 



New Product Ideas 


New Product Ideas are just 
a few of the many innovations 
described in this issue of 
NASA Tech Briefs and having 
promising commercial applica- 
tions. Each is discussed further 
on the referenced page in the 


appropriate section in this 
issue. If you are interested in 
developing a product from 
these or other NASA innova- 
tions, you can receive further 
technical information by 
requesting the TSP referenced 


at the end of the full-length article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 24). 

NASA's patent-licensing program 
to encourage commercial develop- 
ment is described on page 24. 


Robotic Tool Changer for 
Automatic Welding 

A new tool changer automatically 
chooses the designated tool, maneuvers 
the welding torch or other tool into the cor- 
rect positions, and reliably connects water, 


gas, welding wire, high-voltage electrical 
signals, and ground. 

(See page 89.) 


Half-State Readout in 
Vertical-Bloch-Line Memory 

An experimental method of readout would 
avoid potentially narrow margins of chi- 
rality-based chopping of magnetic stripes. 
(See page 42.) 


CAN THE MOST 
POWERFUL AND RELIABLE 
MATH SOFTWARE 
REALLY BE THE EASIEST TO USE? 


Metal-Film 
Hall-Effect Devices 

New devices are made from multilayer 
metal films instead of the semiconductor 
materials. These devices are easier to fab- 
ricate, can be made with larger areas, are 
potentially more reliable, and are less vul- 
nerable to imDurities. 



Engineers and scientists who use 
Macsyma consistently describe it as 
more powerful and more reliable 
than any other mathematics 
software. Reviewers agree that 
Macsyma's on-line help system is 
the best in the field. IEEE Spectrum 
calls Macsyma "a national treasure" 
and says: 


"Users with heavy mathematics 
needs should insist on Macsyma." 

And, the most recent PC Macsyma 
runs fully three times as fast as 
earlier ones on PC Magazine's 1992 
benchmark tests. 


Call 1-800-macsyma for a free demo disk today. 

Macsyma® 

A quarter century of software development is hard to beat. 

$349* 


• For PC version in U.S.A. and Canada. Academic and quantity discounts are available 
Macsyma is a registered trademark of Macsyma Inc. 

Macsyma Inc. tel: 617-646-4550 1-800-macsyma 

20 Academy Street fax : 6 1 7-646-3 161 1 -800-622-7962 

Arlington MA 02 1 74-6436 / U.S. A. 


Oil-and-Gas-Fire Snubber 

This snubber extinguishes the flames 
without the use of an explosive and with 
little or no use of coolant. The method 
should prove significantly less expensive 
and time consuming than other methods 
of extinguishing oil-and-gas-well fires. 
(See page 50.) 

Insoluble, Low-Dielectric- 
Constant Polyimides 

Fluorinated polymers with dielectric 
constants from 2.4 to 2.5 are highly in- 
sulating, resistant to moisture, mechani- 
cally strong, and thermally stable. They 
would make good candidates as insu- 
lating resins in microelectronics. 

(See page 59.) 

Aromatic Polyimides 
Containing Meta- 
Biphenoxy Moieties 

Stable at high temperatures and fea- 
turing glass-transition temperatures lower 
than state-of-the-art polyimides, the new 
polyimides are more thermoplastically proc- 
essable and show excellent potential for 
meeting the future needs of electronics 
and aerospace industries. 

(See page 58.) 

Polyimides Containing 
Pendent Ethynyl Groups 

Films based on these groups are in- 
soluble in dimethylacetamide or chloro- 
form. Other features include increased 
glass-transition temperature and modu- 
lus of elasticity. 

(See page 56.) 
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Smart Switch. 


The VIVISUN 5000 interactive switch system 
incorporates LED lighting that is both NVIS compati- 
ble and sunlight readable per M1L-L-85762A. This 
fully programmable system also provides rugged 
reliability and meets the environmental extremes 
that military programs demand. 

The VIVISUN 5000 LED dot-matrix display switch 
has a 1000:1 dimming ratio which achieves NVIS 
compatibility and sunlight readability (10,000 foot- 
candles). System features include: Total Legend 
Flexibility • Serial Data Line via RS-232C or RS-422 


• Interactive Tactile Response • Uniform Lighting in 
Low Level/Sheltered Environments • NDi Immediate 
Integration. 

The VIVISUN 5000 interactive switch system is 
the solution for your ruggedized military design 
requirements. 

Contact us today. 

Q 4EROSR4CE OPTICS INC. 

3201 Sandy Lane, Fort Worth, Texas 76112 
Phone (817) 451-1141 • Fax (817)654-3405 



VIVISUN 5000 interactive 
switch system. 

The clay-night all weather 
lighting solution. 





YOU CAN BENEFIT 
FROM NASA's 
TECHNOLOGY 
UTILIZATION 
SERVICES 


If you're a regular reader of TECH BRIEFS, then you're already making use of 
one of the low -and no-cost services provided by NASA's Technology Transfer 
Program But a TECH BRIEFS subscription represents only a fraction of the 
technical information and application s/engmeenng services offered by this Pro- 
gram In fact, when all of the components of NASA's T echnotogy T ransfer Network 
are considered. TECH BRIEFS represents the proverbial tip of the iceberg 
We've outlined below NASA's Technology Transfer Network— named the 
participants, described their services, and listed the individuals you can contact 
for more information relating to your specific needs We encourage you to make 
use of the information, access, and applications services offered 


How You Can Access Technology Transfer Services At NASA Field Centers: 

Technology Utilization Officers & Patent Counsels— Each NASA Field Center has a Technology Utilization 
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 

I f you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not 
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in 
applying the technology by putting you in touch with the people who developed it. It you want information about the patent status ot a technology or are 
interested in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference 
number at the end of the Tech Brief. 


Ames Research Ctr. 

Technology Utilization 
OfficerGeoffrey S. Lee 
Mail Code 223-3 
Moffett Field, CA 94035 
(415) 604-4044 
Patent Counsel: 

Darrell G. Brekke 
Mail Code 200-11 
Moffett Field. CA 94035 
(415) 604-5104 

Lewis Research Center 

Technology Utilization 
Officer: Anthony F. 
Ratajczak 
Mail Stop 7-3 
21000 Brookpark Road 
Cleveland. OH 44135 
(216) 433-5568 
Patent Counsel: 

Gene E. Shook 
Mail Code LE-LAW 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433-5753 


John C. Stennis 
Space Center 

Acting Technology 
Utilization Officer: 
Richard A. Galle 
Code HA-30 
Stennis Space Center, 
MS 39529 
(601)688-1929 
John F. Kennedy 
Space Center 
Technology Utilization 
Officer: James A. 
Aliberti 

Mail Stop DE-PAT 
Kennedy Space 
Center, FL 32899 
(407) 867-3017 
Patent Counsel: 

Bill Sheehan 
Mail Code DE-PAT 
Kennedy Space 
Center, FL 32899 
(407) 867-2544 


Langley Research Ctr. 

Technology Utilization 
Officer: Joseph J. 

Mathis. Jr. 

Head. TU & AO Office 
Mail Stop 200 
Hampton. VA 23681-0001 
(804) 864-2484 
Patent Counsel: 

Dr George F Helfrich 
Mail Stop 143 
Hampton. V A 23681-0001 
(804) 864-3221 

Goddard Space Flight 
Center 

Technology Utilization 
Officer: Dr. George Alcorn 
Mail Code 702 
Greenbelt. MD 20771 
(301)286-5810 
Patent Counsel: 

R. Dennis Marchant 
Mail Code 204 
Greenbelt. MD 20771 
(301)286-7351 


Jet Propulsion Lab. 

NASA Resident Office 
Technology Utilization 
Officer: Arif Husain 
Mail Stop 1 80-801 D 
4800 Oak Grove Drive 
Pasadena. CA91109 
(818) 354-4862 
Patent Counsel: 
Thomas H. Jones 
Mail Code 1 80-801 G 
4800 Oak Grove Drive 
Pasadena. CA 91 109 
(818) 354-5179 

Technology Utilization 
Mgr for JPL: 

Wayne Schober 
Mail Stop 122-116 
4800 Oak Grove Dnve 
Pasadena. CA91109 
(818) 354-2240 

Technical Information/ 
Inquiries: 

1(800) 832-4575 


George C. Marshall 
Space Flight Center 

Technology Utilization 
Officer: Ismail Akbay 
Code AT01 
Marshall Space Flight 
Center. 

AL 35812 
(205) 544-2223 
(800) 437-5186 
Patent Counsel: 
Robert L. Broad, Jr. 
Mail Code CC01 
Marshall Space Flight 
Center. 

AL 35812 
(205) 544-0021 

Lyndon B. Johnson 
Space Center 

Technology Utilization 
Officer: Richard B. 
Ramsell 
Mail Code IC-4 
Building 4 South 


Houston. TX 77058 
(713) 483-3809 
Patent Counsel: 

Edward K. Fein 
Mail Code AL3 
Houston. TX 77058 
(713) 483-4871 
NASA Headquarters 
Technology Utilization 
Officer: Leonard A. Ault 
Code CU 

Washington, DC 20546 
(202) 358-0721 
Associate General 
Counsel for Intellectual 
Property: Jack Mannix 
Code GP 

Washington, DC 20546 
(202) 453-2424 


How You Can Utilize NASA’s Regional Technology T ransfer Centers (RTTCs) — A nationwide network offering 
a broad range of technology transfer and commercialization services. 

Y ou can contact NASA's network of RTTCs for assistance in solving a specific technical problem or locating technology or markets that match your 
interests. The RTTCs are experienced in working with industry to define technology needs and acquire and commercialize applicable technology. 
User fees are charged for most services For more information, call 1 -800-472-6785 and you will be connected to the RTTC in your geographical 
region (or you may call or write directly to the RTTC in your region). 


REGIONAL TECHNOLOGY TRANSFER CENTERS (RTTCs) 
RTTC Directors 


NORTHEAST 
Dr. William Gasko 
Center tor Technology 
Commercialization 
Massachusetts Technology Park 
1 00 North Drive 
Westborough. MA 01581 
(508) 870-0042 

MID-ATLANTIC 
Ms Lani S. Hummel 
University of Pittsburgh 
823 William Pitt Union 
Pittsburgh. PA 15260 
(412) 648*7000 
(800) 257-2725 (toll-free US) 


SOUTHEAST 
Mr. J. Ronald Thornton 
Southern Technology Application 
Center 

University of Florida 
College of Eng. 

Box 24 

One Progress Boulevard 
Alachua, FL 32615 
(904) 462-3913 
(800) 225-0308 (outside FL) 


MID-CONTINENT 
Mr. Gary Sera 

Texas Engineering Experiment Station 
Texas A&M University System 
237 WERC Collge Station, 

Texas 77843-3401 
409-845-8762 


MID-WEST 


FAR- WEST 
Mr. Robert Stark 
Technology Transfer Center 
University of Southern California 
3716 South Hope Street. 

Suite 200 

Los Angeles. CA 90007-4344 

(213) 743-6132 

(800) 642-2872 (CA only) 

(800) 872-7477 (toll-free US) 


Dr Joseph W Ray 

Great Lakes Industrial Technology Center 
25000 Great Northern Corporate Center 
Suite 260 

Cleveland. OH 44070-5310 
(216) 734-0094 


If you are interested in information, applications, research, training, and services relating to satellite and aerial data for Earth resources, contact NASA's 
transfer point for earth observing technology: Technology Application Center, University of New Mexico, 2500 Yale Blvd. S.E., Suite 100, 
Albuquerque, NM 87131-6031; Dr. Stan Morain, Director (505) 277-3622. 


If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem 
solving assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify 
and solve critical problems with existing NASA technology Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research 
Triangle Park, NC 27709; Dr. Doris Rouse. Director, (919) 541-6980 


A Shortcut To Software: COSMIC" For software developed with NASA 
funding, contact COSMIC. NASA's Computer Software Management and Informa- 
tion Center. New and updated programs are announced in the Computer Programs 
section. COSMIC publishes an annual software catalog. For more information call 
or write: COSMIC . 382 East Broad Street, Athens. GA 30602 John A Gibson. 
Director. (706) 542-3265; FAX (706) 542-4807 


If You Have a Question. .NASA Center For AeroSpace Infor- 
mation can answer questions about NASA's Technology Transfer Network and its 
services and documents. The CASI staff supplies documents and provides referrals 
Call, write or use the feedback card in this issue to contact: NASA Center For 
AeroSpace Information, Technology Transfer Office. 800 Elkridge Rd. Linthnicum 
Heights. MD 21090-2934 Walter M. Heiland. Manager. (410) 859-5300. Ext. 245. 
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With Our New Frame Grabbers, 
Its No Longer a Trade-Off. 


High-accuracy frame grabbers mean better data, sharper edges, 
less noise, and more precise measurements. But they don’t have 
to mean higher price tags. Our two new frame grabbers give 
you the high accuracy' you need— at unbeatable prices. 

Both boards are supported by our award-winning GLOBAL LAB’ 
Image software, which allows you to perform sophisticated image 
analysis in minutes. They also ship with FREE software for 
Microsoft® Windows'” So call Data Translation today and get 
high-accuracy imaging at low cost. You don’t have to settle for less. 

DATA TRANSLATION 


HIGH ACCURACY 


Fidelity 100 

> $ua5 

• Unsurpassed accuracy 

• For standard, 
nonstandard. high 
resolution video inputs 

> 32-bit EISA interlace. 



LOW COST 


Vision-EZ 

• $995 

• Low cost imaging 
solution 

• High accuracy 
acquisition of 
standard video inputs 

• 16-bit ISA interface. 


IN THE USA AND 
CANADA CALL 
1-800-525-8528, 
EXT. 390 


World Headquarters: (508) 481-3700. UK Headquarters: (0734) 793838, Gerinuny Headquarters: (07142) 95 31-0, France Headquarters: 69.29.98.88. Italy Headquarters: (030) 2425696 
Sides Offices: Anjrntina (511) 631-1212. (541) 244-1668; Australia 2699-8)00; Austria: (222) 367660; Belgium (02) 466,81.99; Brad 1 1561-6024: Canada (5081 481-3700. (8001 5258528: China 86 1 849958687; Denmark (45) 42 27 45 1 1; 
Finland (0) 35111801k Greece (I) 361-4300; Hong Kong (852) 5154)018. India (22) 23-1040: Israel 9-545685; Japan (33) 502-5550, (33) 5379-1971: Korea (2) 718-9521; Malaysia (3) 248-6786; Merits 575-6091. 5756098; 
Netherlands 1701 399-6160. Net* Zealand (9) 4158162: Norway (22) 43 41 50; Portugal (1) 7934834. (1) 7934934: Singapore 773 4300; South Africa (12) 805768093: Spain (11555-51 12;' Sweden 08-765 02 80: Switzerland (1 138641086c 
Taiwan (2) 3039836: Thailand (02) 281-9596, (02) 282-4834, (02) 282-4797: Turkey (212) 2S8-S213U5. (212) 274 9097 827.93 









Special Focus: 

Test & Measurement 


System Measures Pressures Aboard a Compressor Rotor 

The rotating pressure-measuring instrumentation includes an on-board calibration standard. 
Lewis Research Center, Cleveland, Ohio 


A computer-controlled, multichannel in- 
strumentation system acquires pressure 
measurements from sensors mounted in 
the 1.52-m-diameter rotor of a compres- 
sor. (The speed of rotation is 1,920 rpm. 
The compressor is located at the Large 
Low Speed Centrifugal Compressor Re- 
search Facility at the NASA Lewis Re- 
search Center.) The system includes 5 
miniature, electronically scanned pres- 
sure (ESP) modules, each containing 48 
piezoresistive pressure sensors, a pneu- 
matic calibration valve, and electronic cir- 
cuits for addressing and amplifying the 
output of each sensor. 

Five ESP modules are mounted on 
the centerline of the rotor, on an instru- 
mentation tower (see Figure 1) located 



Figure 1. This Instrumentation Tower 

holds the ESP modules. The tower is 
mounted on the compressor rotor, inside 
the nose cone. 


inside the nose cone of the rotor. The 
sensors in the modules include 
diaphragms, which are oriented per- 
pendicular to the centerline to minimize 
the effects of centripetal acceleration. A 
200-channel electrical slipring package 
is used to bring the electrical signals 
from these modules, and from on- 
board strain gauges, thermocouples, 
heaters, and other items to associated 
data-acquisition subsystems. The trans- 
ducers are addressed and scanned at 
the rate of 10,000 measurements per 
second. 

A pneumatic slipring seal assembly 
transfers control and calibration pres- 
sures from a stationary pressure calibra- 
tion unit to the rotating ESP subsystem. 
Although the pneumatic seal provided by 
this assembly was found to function ac- 
cording to design specifications, its rate of 
leakage was not low enough to enable 
the attainment of the accuracy required 
for in-place calibration of the rotating 
ESP system. This leakage caused the cal- 
ibration pressures seen at the ESP mod- 
ules to differ from the pressures mea- 
sured by the reference transducer in the 
calibration unit. Thus, it became neces- 
sary to install the reference transducer 
aboard the rotor near the sensor mod- 
ules. This arrangement provided highly 
accurate measurement of the three cali- 
bration pressures as long as the rates of 
leakage of the pneumatic sliprings did 
not change during the calibration cycle. 

Another problem arose in connection 
with the excessive heat produced within 


the pneumatic seal assembly by the fric- 
tion of carbon rings rubbing on stain- 
less-steel runners. This heat caused a 
change in ambient temperature from 
70 °F (21 °C) at zero speed to 170 °F 
(77 °C) at design speed, and the 
change in temperature affected the 
accuracy of an otherwise highly accu- 
rate digital reference transducer that is 
normally used with the ESP system. The 
sensing element of this transducer is an 
oscillating quartz beam. Pressure 
applied to a bellows generates a 
torque on this beam, causing a change 
in the frequency of its oscillation. 
However, tests showed that this trans- 
ducer was unsuitable for this applica- 
tion because it was very sensitive to 
changes in temperature and had a very 
long recovery time. Instead, an analog 
transducer that contained a variable- 
capacitance ceramic sensor was chosen 
because it displayed much less sensi- 
tivity to the change in ambient tempera- 
ture. To further reduce the effect of 
changes of ambient temperature, the 
temperature of the transducer was 
maintained at 170 °F (77 °C) by a 
closed-loop proportional/integral/ 
derivative controller, which regulated a 
heater mounted on the transducer. 

Because the ESP subsystem was 
designed for use with only the digital 
pressure transducer, the 0- to 5-V signal 
from the analog pressure transducer 
had to be converted to a 36- to 40- 
kHz, 4-V (peak-to-peak) square wave 
so that the rest of the system could 



Figure 2. This Instrumentation System includes a subsystem that converts the analog out- 
put of a calibrating pressure sensor to a distinct frequency. 
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interpret it. A subsystem was designed 
to convert the analog signal to a distinct 
frequency without significantly affecting 
the accuracy. The major components 
of this subsystem, shown in Figure 2, 
include a programmable frequency 
generator (PFG), a digital voltmeter 
(DVM), and a data-acquisition-and-con- 
trol subsystem (DACS). Communication 
among these three components was 
accomplished by use of an IEEE-488 
bus with the DACS acting as the bus 
controller. 

The computer program written for the 
DACS handles a variety of tasks. It reads 
the analog output of the transducer from 
the DVM via the bus, converts it to units 
of pressure (psia), converts the pressure- 
unit signal to a frequency value, and sends 


this value via the bus to the PFG. It also 
monitors the output of the transducer for 
fluctuations, outside a specified range, 
that could indicate leakage in the pneu- 
matic sliprings. This feature is disabled 
during calibration of the ESP subsystem 
because otherwise it would interpret the 
three different calibration pressures as an 
indication of leakage. In addition, the pro- 
gram monitors the test-cell barometric 
pressure (used as the reference pressure 
fa the sensa modules) for a change that 
would necessitate an on-line recalibra- 
tion of the rotating ESP subsystem to 
maintain the best accuracy. It reads the 
temperature of the transducer and con- 
verts it to a 1- to 5-V control signal that 
is fed to the heater controller. Finally, the 
program alerts the operator with an on- 


screen warning if either the analog out- 
put of the transducer or barometric pres- 
sure changes beyond specified limits. 

This work was done by Robert J. 
Freedman of Lewis Research Center 
and Richard G. Senyitko and Philip Z. 
Blumenthal of Sverdrup Technology, Inc. 
Further information may be found in 
NASA TM-103676 [N91-19401], “ Rota- 
ting Pressure Measurement System 
Using an On Board Calibration Standard." 

Copies may be purchased [prepayment 
required] from the National Technical 
Information Sen/ice, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an 
extra fee by calling (800) 336-4700. 
LEW-15491 


Testing for EM Upsets in Aircraft Control Computers 

Effects of transient electrical signals are evaluated in laboratory tests. 

Langley Research Center, Hampton, Virginia 


One unavoidable byproduct of the re- 
duction of aerodynamic drag in advanced 
aircraft designs is the reduction of the 
degree of static stability and the conse- 
quent need for critical flight-control sys- 
tems to satisfy very high reliability specifi- 
cations. The trend in avionics is toward 
the use of digital computers that interact 
with the sensors and control surfaces of 
the aircraft In addition, fuel efficiency is 


increased in advanced designs by use of 
lightweight, composite materials rather 
than metals in aircraft structures. There- 
fore, as airframes become more trans- 
parent to electromagnetic (EM) radiation, 
EM impulses to these computers present 
a serious problem. These EM disturbances 
can be caused by lightning, high-energy 
radio-frequency (HERF) transmitters, and 


Transient electrical signals can cause 
two types of effects on digital computer 
systems. The first type is damage to com- 
ponents that necessitates repair or re- 
placement of equipment. The second type 
is characterized by functional error modes, 
known collectively as "upset,” which in- 
volve no damage to components. In the 
case of upset, normal operation can be 
restored to a system by such corrective 
action as resetting and/or reloading soft- 
ware or by an internal recovery mecha- 
nism, such as an automatic rollback of the 
system to a state that existed just prior 
to the disturbance. 

Accordingly, a method of evaluating a 
nominally fault-tolerant, aircraft-type digi- 
tal-computer-based control system has 
been devised. More specifically, the meth- 
od provides for evaluation of susceptibil- 
ity of the system to upset and evaluation of 
the integrity of control when the system 
is subjected to transient electrical signals 
like those induced by an EM source; in 
this case, lightning. The laboratory test 
configuration of this method (see figure) 
involves two control units: the unit under 
test and an unperturbed identical refer- 
ence control unit. The control unit under 
test is perturbed by transient signals like 
those induced by lightning. Each control 
unit is made to interact with a simulation of 
the plant and other parts of the aircraft 
control system to determine the effect of 
EM impulses on aircraft control functions. 
The amount of data processing is reduced 
by recording only those responses in 
which the test and reference units differ. 

There are plans to test a commercial 
electronic engine control unit for suscep- 


nuclear electromagnetic pulses (NEMP’s). 



Dynamic 
Simulation of 
Plant and Other 
Parts of the 
Control System 


Dynamic 
Simulation of 
Plant and Other 
Parts of the 
Control System 


Susceptibility to Upset by transient EM disturbances is evaluated by comparison of 
effects on test and reference units. 
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tibility to upset by this method. Beyond 
aerospace applications, fault-tolerant con- 
trol systems are becoming more wide- 
spread in industry; for example, in auto- 
mobiles. This method supports practical, 
systematic tests for evaluation of the de- 
signs of fault-tolerant control systems. 


This work was done by Celeste M. Bel- 
castro of Langley Research Center 

Further information may be found in NASA 
TM-101665 [N90-14061], “ Laboratory 
Test Methodology for Evaluating the 
Effects of Electromagnetic Disturbances 
on Fault-Tolerant Control Systems'.' 


Copies may be purchased [prepay- 
ment required] from the National Tech- 
nical Information Service, Springfield, Vir- 
ginia 22161, Telephone No. (703) 
487-4650. Rush orders may be placed 
for an extra fee by calling (800) 336-4700. 
LAR-14498 


® Automated System Tests Ferroelectric Capacitors 

Polarization-switching parameters are measured under computer control. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 



Note: GPIB means "general-purpose interlace bus." 
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The Ferroelectric-Capacitor-Testing System applies voltage pulses and measures the 
responses of the ferroelectric capacitor to determine the write; “time dependence of polariza- 
tion,” polarization-retention and fatigue characteristics of the capacitor. (Note: Trademarks 
shown or equivalents can be used.) 


The JPL Ferroelectric Tester (see Fig- 
ure 1), is a dedicated, computerized mul- 
tiprobe test setup, including a laser/op- 
tical source that allows measurement and 
recording of photoresponse behavior (non- 
destructive evaluation and readout) of a 
ferroelectric capacitor, along with con- 
ventional DRO (electrical destructive read- 
out) signal, Sawyer/Tower hysteresis loop, 
capacitance, and resistance/leakage on 
the same sample without disturbing the 
probes. This highly integrated setup is 
quite flexible, versatile, and interactive, and 
allows convenient computer storage and 
analysis of the data. In particular, the flex- 
ibility of subjecting a sample to the vari- 
ous probes, repeatedly, in any selected 
sequence, with a verifiable guarantee 
that the sample has not been irre- 
versibly altered during the course, is 
extremely valuable in correlating the vari- 
ous phenomena studied. 

The setup allows overnight study of the 
write-time dependence of polarization 
and/or retention and fatigue from zero 
cycles onward on the ferroelectric capa- 
citors and measurement of response 
to any desired sequence of operational 
pulse profiles conveniently by interac- 
tive experiment files. The electrical testing 
can be done on capacitors on a probe 
station (from 500-pm down to lO-pm 
feature size) as well as on chips of all 
varieties that can be inserted in a versa- 
tile ZIF socket. This system will provide 
data that will improve our understanding 
of the basic physics of polarization 
switching, including, notably, time depen- 
dence of polarization, fatigue, and polar- 
ization-retention characteristics. Such 
understanding is necessary for op- 
timization of designs to maximize the per- 
formances of ferroelectric capacitors as 
nonvolatile memory devices. 

The ferroelectric capacitor under test is 
connected to the sampling subsystem by 
incorporating it into a circuit like that of a 
typical ferroelectric-memory cell. This circuit 
can include an ordinary (linear-response) 
capacitor in series with the ferroelectric 
capacitor. The capacitance of the linear- 
response capacitor is chosen to be 


much greater than that of the polar- 
ization-switching capacitor so that 


most of the applied voltage pulse 
appears across the ferroelectric capac- 
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itor. The current into or out of the ferro- 
electric capacitor is integrated (over the 
pulse interval) by measuring the volt- 
age at the node between the two 
capacitors with a high-input-imped- 
ance operational-amplifier voltage fol- 
lower. Alternatively, the current can be 
integrated by use of a standard cur- 
rent-integrator operational-amplifier cir- 
cuit in which a linear-response capa- 
citor serves as the feedback element. In 
both cases, the linear-response capa- 
citor must be discharged before each 
test pulse by use of an analog switch. 

The system operates under overall 
control by a personal computer, which 
executes special software called FETP 
(Ferroelectric Testing Program). The soft- 
ware consist of a command-line-inter- 
preter program that receives its input 
either from a keyboard in an interactive 
control mode or from a text batch file in 


a noninteractive control mode. The 
computer controls the sampling subsys- 
tem via a data-acquisition circuit board. It 
also controls a digitizing oscilloscope 
and a pulse generator through general- 
purpose interface busses. 

The pulse generator generates the volt- 
age pulses necessary for presetting, writing, 
and reading the content of the ferroelec- 
tric capacitor. The amplitudes and dura- 
tions of the presetting, writing, and read- 
ing pulses are set by the computer; 
these parameters can be made to 
remain constant during many repetitions, 
or else one of them can be made to 
change slowly during many repetitions 
to determine the response of the ferro- 
electric capacitor as a function of the 
slowly varied parameter. 

The digitizing oscilloscope records the 
output pulse of the sampling subsystem 
(representing the response of the ferro- 


electric capacitor); it also records the 
pulse from the pulse generator for verifi- 
cation. The digitizing oscilloscope is syn- 
chronized with the pulse generator through 
its external-trigger input rather than through 
the general-purpose interface bus. The 
FETP software can fit lines (by use of a 
"best-fit” algorithm) to the regions of a 
response pulse that correspond to the 
times before, during, and after the reading 
pulse. It can also display the waveform, 
difference it with the best-fit lines, 
and/or record the waveform (or many 
waveforms) in magnetic-disk memory. 
FETP can also reread the waveform data 
from memory for further display and/or 
analysis. 

This work was done by Mark Lakata 
and Sarita Thakoor of Caltech for NASA’s 
Jet Propulsion Laboratory. For further 
information, write in 3 on the TSP 
Request Card. NPO-18696 


Equipment for Testing Beam-Waveguide Antennas 

Portable units yield data on directivity, efficiency, and noise. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Two portable packages are designed 
for use in determining such radiometric 
quantities as (1) the directivity, efficiency, 
and noise temperature of a paraboloidal- 
dish antenna 34 m in diameter and (2) loss- 
es of signal power in parts of a beam 
waveguide through which the antenna is 
coupled to a receiving station. One of the 
packages takes measurements at a fre- 
quency of 8.45 GHz; the other, at 32 GHz. 

Each package is a portable microwave 
receiving “front end” — essentially an 
input-coupling, heterodyning, and pre- 
amplifying unit that preprocesses the 
incoming signals and feeds them to a 
stationary, computer-controlled total- 
power radiometer system. Typically, a 
unit is transported to focal point FI (see 
Figure 1), where it is used to measure 
antenna efficiencies and system noise 
temperatures. The differences between sys- 
tem temperatures at FI and those on 
the ground give a measure of the additional 
contributions due to scattering from the 
tripod, spillover from main reflector, and 
leakage. The unit is then taken to one of 
the other focal points (F2 a F3), where sys- 
tem temperatures and antenna efficien- 
cies are again measured. The differences 
between measurements at two positions 
are interpreted as measures of the degra- 
dations caused by the mirrors and shrouds 
of the beam waveguide. 

Figure 2 is a block diagram of the 8.45- 
GHz unit. Depicted are such usual 
Cassegrain-antenna front-end compo- 
nents as a waveguide horn, polarizer, 



Figure 1 . The Beam Waveguide below the main paraboloidal reflector includes flat, parab- 
oloidal, and ellipsoidal mirrors, some enclosed in a shroud. Radiometric measurements are 
made at focal points FI, F2, and F3 to characterize the performances of the antenna and 
beam-waveguide components. 
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round-to-rect angular waveguide transition, 
waveguide switch, cooled high-electron- 
mobility-transistor (HEMT) low-noise 
amplifier, and downconverter. Noise- 
temperature calibrations are performed by 
use of a remotely controlled noise-diode 
assembly and a digital-readout ther- 
mometer embedded in an ambient-load- 
reference termination. To enable testing 
at both FI and F3, it is necessary to 
make the horn convertible between direc- 
tivities of 29 and 22 decibels above 
isotropic (dBi). Conversion is effected by 
attachment or removal of a horn exten- 
sion of the same taper, going from aper- 
ture diameters of about 19 in. (48 cm) to 
7 in. (18 cm). 

This work was done by Tom Y. Otoshi 
and Dan A. Bathker of Caltech for NASA’s 
Jet Propulsion Laboratory. For further 
information, write in 56 on the TSP 
Request Card. 

NPO-18622 


Figure 2. The 
Portable Test Unit 
is used to make 
radiometric mea- 
surements at 
selected focal 
points of the 
beam-waveguide 
antenna. For 
measurements at 
each point, the 
phase center of the 
horn is aligned with 
that focal point. 


Miniature, Cooled Pressure-Measuring Probe 

The probe is designed to reduce settling time dramatically. 

Langley Research Center, Hampton, Virginia 


Pitot pressure probes are typically 
used for measuring changes in pressure 
in the shock layer around a model in a 
supersonic or hypersonic wind tunnel. 
Typically, the hypersonic airstream is 
heated up to 500 °F (260 °C). The 
transducers used to measure the 
changes in pressure must be protect- 
ed from the hot air to avoid thermally 
induced errors in the measurements 
and possible damage to the probe and 
transducers. 

Consequently, the pressure transduc- 
ers are either thermally insulated and 
mounted in the housing or support strut 
of the probe as far as possible from 
the tip of the probe or else mounted 
completely outside the test section. 



The Piezoelectric Pressure Transducer Is Cooled by fluid in the cooling chamber con- 
structed around the pressure chamber. 
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Either arrangement requires a relatively 
long connecting tube between the tip 
of the probe and the pressure transduc- 
er. The relatively large volume of the 
connecting tube results in a relatively 
long “settling time" of the pressure 
probe, this being the time required for 
changes in pressure at the tip of the 
probe to appear at the pressure-sensing 
transducer. 

Inasmuch as the tip of the probe is 
frequently moved relative to the sur- 
face of the model to measure changes 
in the distribution of pressure in the 


shock layer, settling time is critical. 
Efforts to reduce the settling time gen- 
erally result in an increase in the size of 
the tip of the probe, leading to increased 
perturbations of the flow and conse- 
quent errors in pressure measure- 
ments. To avoid these errors, the 
tip of the probe should be no larger than 
about 30 percent of the boundary- 
layer height in the flow around and on 
the surface of the model. Typically, the 
outer diameters of the smallest connect- 
ing tubes in conventional pressure 
probes range from 0.020 in. (0.51 m) to 



0.060 in. (1.52 mm). 

A probe has been developed to over- 
come these disadvantages. The pres- 
sure-sensing transducer is mounted in 
this probe and connected to its tip by 
a short tube that has a cross-sectional 
area substantially smaller than that of 
conventional connecting tubes. The 
probe (see figure) includes a stainless- 
steel cylindrical exterior housing that 
holds a closed pressure chamber in 
which a piezoelectric pressure trans- 
ducer is mounted. An open connecting 
tube that has a probe passes a portion 
of the high-velocity, high-temperature 
fluid stream into the closed pressure 
chamber. 

Any change of pressure in the sam- 
pled stream propagates into the 
closed pressure chamber with a set- 
tling time inversely proportional to the 
cross-sectional area of the connecting 
tube. A cooling chamber formed around 
the pressure chamber is connected to 
a source of water or other cooling fluid 
via inlet and outlet tubes. 

This fast-response, miniaturized, pitot 
pressure probe has been successfully 
used to survey the flow field about a 
2:1 elliptical cone in a 20-in. (51 -cm) 
mach-6 hypersonic wind tunnel. The 
airstream was heated up to 500 °F 
(260 °C) before expanding it through a 
nozzle to avoid liquefaction of the nitro- 
gen and oxygen in the fluid stream. 

This work was done by George C. 
Ashby, Jr., John W. Eves, and David 
R. White of Langley Research 
Center. For further information, write 
in 40 on the TSP Request Card. 

This invention has been patented by 
NASA (U.S. Patent No. 4,783,994). In- 
quires concerning nonexclusive or ex- 
clusive license for its commercial devel- 
opment shoud be addressed to the 
Patent Counsel, Langley Research Cen- 
ter [see page 24], 

Refer to LAR-13853. 
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Measuring Differential Delays With Sine-Squared Pulses 

Ripple in a sum signal indicates differential delay. 

Lyndon B. Johnson Space Center, Houston, Texas 


A technique for measuring differen- 
tial delays among red, green, and blue 
components of a video signal trans- 
mitted on different parallel channels 
exploits the sine-squared pulses that 
are parts of the standard test signals 
transmitted during the vertical blank- 
ing interval of the frame period. It is 
important to make such meas- 
urements because even differential 
delays as small as 10 ns can result in 
visible horizontal misregistration of 
color in standard 525-line television 
pictures. One of the advantages of this 
measurement technique is that it does 
not entail the expense of a test-signal 
generator. The technique is also applic- 
able to nonvideo signals that include 
sine-squared pulses. 

Figure 1 shows one way of 
implementing the technique. The 
three signals are fed through calibrat- 
ed, adjustable delay lines, then 
summed, and the sum signal is fed to 
an oscilloscope. The delay lines are 
adjusted so that the first signal (e.g., 
red) is advanced by 250 ns with re- 
spect to the second signal (e.g., 
green) while the third signal (e.g., 
blue) is delayed by 250 ns with respect 
to the second signal. 

The 250-ns delay is chosen because 
it corresponds to a differential phase of 
90° between the sinusoids that are 
squared to produce the test pulses. If 
the signals are not otherwise differen- 
tially delayed with respect to each 
other, then each test pulse in the sum 
signal is a cosine-squared pulse with 
respect to time measured from the 
beginning of the preceding pulse. In 
that case, the sum signal has a flat 
top that lasts from the peak of the first 
pulse to the peak of the third pulse, as 
can be seen from the trigonometric 
identity sin^x + cos^x = 1. 

If there is a differential delay between 
any two of the signals, then succes- 
sive pulses are no longer related to 
each other exactly as sine and cosine, 
with the result that ripple is introduced 
into the sum signal (see Figure 2). The 
amount of ripple increases with the 
differential delay; it can be measured 


and used to compute the differential 
delay. Alternatively or in addition, 
the delay lines can be adjusted to 
impose compensating differential 
delays that restore the flat top to 
the sum signal. In this case, the 
differential delays can be read as 
the differences between the delay 


settings and the nominal 250-ns 
settings. 

This work was done by Robert N. 
Hurst of General Electric Co. for 

Johnson Space Center For further 
information, write in 57 on the TSP 
Request Card. 

MSC-22005 



Figure 1. Three Signals Containing Sine-Squared Pulses Are Delayed by known dif- 
ferent amounts, summed, and displayed. 



Figure 2. The Ripple at the Peak of the Sum of the delayed sine-squared pulses is indica- 
tive of differential delays in the three signals. 
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^MicroStation 


MicroStation. 

CAD software for Windows 
and Window NT 

Open yourself to a world of design possibili- 
ties with MicroStation CAD software. From 2D 
drafting to advanced 3D surface modeling, 
MicroStation Version 5 is the ultimate design 
tool for tire Windows environment. And the 
most complete, with photorealistic rendering 
and animation. All in one package! 

Join the many designers who have made 
the move to the CAD tool for the '90s. 

Call 800-345-4856 for a free demo 
disk and brochure on MicroStation. 
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Xilinx FPGAs. 
The perfect parts for 
an imperfect world. 



What Marketing Asked For 


What Design Specified 



What Engineering Developed 


What Documentation Described 









Look familiar? 

We’re willing to bet a siz- 
able chunk of next week’s 
pay that a cartoon like this 
hangs in just about every 
engineering department in 
this country. 


at’s d( 


have as many options as you need ( more than 350 , 
in fact), from our new 13,000 gate XC4013 FPGA, 
to our space-saving TQFP. 


Why? 

Because that’s 
just the way it is. 

So given the amount of 
miscalculation, miscom- 
munication, and misdirec- 
tion you have to deal with. 


What Management Agreed On 


Hote Marketing Changed It 


why not choose a logic 
device that won’t let you 
W go wrong? 

Nothing does that better 
tlum an FPGA from Xilinx. 

First of all, since we 
make more than 350 differ- 
ent speed grades, densities, 
and packages, you can get 
off to a flying start with just 
the right part. 

Then, with our powerful 
XACT'" Development Sys- 
tem, you can work with your 
design down to the gate 
level if nec- 
essary, to 
get it right, 
right off 
the bat. 

But even 
if you can’t 

get yOUr first With FPGAs from Xilinx, you can get to market 

design to 


What will all this flexibil- 
ity cost you? 

A better question might 
be. What will it cost you not 
to have it? 

After all, when you con- 
sider the financial conse- 
quences of getting into the 
market later rather than 
sooner, Xilinx FPGAs may 
just be the best investment 
you can make. 

They can save you time, 
they can save you money, 
they can save you, period. 


Kart* to Market 


Xilinx 


i Sail 


\m. 


faster even if you make a ton of changes — all in less time 
than a single gate array change cycle. 


fly (or the guys in marketing 
change their minds), there’s 
no problem. You and your 
colleagues can go back and 
forth as often as you like. 

Because you can change 
a Xilinx FPGA as often as 
you like, with no hard feel- 
ings. And no added expense. 

In fact, you can even 
make changes right in the 
system, because our devices 
are reprogrammable. 

And since Xilinx FPGAs 
are never actually changed 
-just programmed- they 
won’t hang you with too 
much inventory -or worse 
-not enough. 


And all because they’re 
made for a world where 
imperfection isn’t just a 
sometime occurrence, but 
a daily reality. 

To learn more about 
how we can help you cope 
with the ups and downs of 
engineering in the ’90s, call 
our 24-hour literature hotline 
at 800-231-3386, or talk to 
your Xilinx representative. 

We’ll be perfectly happy 
to give you a push in the 
right direction. 

{I XILINX 

The Programmable 
Ix>gic Company.” 


IT hat The Customer Wanted 
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Optoelectronic Receiver for Communication and Control 

Many operational and diagnostic features are integrated into a circuit chip. 

Lewis Research Center, Cleveland, Ohio 


The figure shows a GaAs-based inte- 
grated circuit designed to serve as an op- 
toelectronic interface in a phased-array 
antenna. The principal intended function 
of this circuit is to receive digital control 
signals that have been transmitted on 
an optical fiber and to convert these sig- 
nals to electronic control signals, which 
are then applied to a monolithic micro- 
wave integrated circuit (MMIC). Interface 
circuits of this type could also be used 
in the reception of high-rate optical dig- 
ital communications within computers, 
between computers, and in signal-dis- 
tribution systems in aircraft, automobiles, 
and ships. The transistor/transistor-level 
outputs of these interface circuits would 
be compatible with many digital circuits. 

In the phased-array-antenna system, 
control data and clock signals are en- 
coded together and transmitted to the 
interface circuit on a single optical fiber. 
In the interface circuit, the optical sig- 


nal is detected by an integrated metal/ 
semiconductor/metal (MSM) photode- 
tector and amplified by a three-stage 
GaAs amplifier/limiter. The signal is then 
decoded to separate the data signal from 
the clock signal. The clock signal is used 
to synchronize the entry of the data in- 
to an address/instruction register and a 
1:8 demultiplexer. The data are then fed 
out through a driver circuit, which shifts 
the levels of the output data signals to 
the MMIC input levels. 

This interface circuit represents a sig- 
nificant improvement over preexisting 
interface circuits in that its clock-sig- 
nal-recovery subcircuit requires little or 
no preamble for immediate synchroni- 
zation. The circuit operates in both con- 
tinuous and burst data modes at rates 
up to 500 Mb/s. The design incorporates 
several diagnostic features, including op- 
tions for optical vs. electrical clock inputs 
and outputs of raw data, addresses, and 


instructions. 

The circuit also features an optical- 
signal-detection subcircuit that can be 
used to minimize the consumption of 
power between data-transmission times 
by turning off the power to all subcircuits 
except the output registers and drivers. 
This last feature reduces the consump- 
tion of power to approximately one- 
seventh of its fully operational level. This 
is the first known integrated-circuit op- 
toelectronic interface of its kind to in- 
corporate so many operational and di- 
agnostic features while satisfying military 
specifications at such high data rates. 

This work was done by Richard Kunath 
of Lewis Research Center and Mark 
Bendett and I. Ross MacTaggert of 
Honeywell, Inc. For further information, 
write in 101 on the TSP Request Card. 
LEW- 15531 



An Optoelectronic Interface Circuit like this one is connected to each MMIC in a phased-array antenna. This circuit receives optical 
control signals and converts them to electronic control signals for the MMIC. 
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The Most 

Advanced Simulation 
Software Shouldn't Make 
An Encineer Feel Like 
A Blockhead. 


No long learning curve. No 
detailed programming. No mind- 
bending code. With the new 
Graphic Modeller 1 " from MGA, it’s 
easier than ever to use ACSL, the 
standard in simulation software 
with over 30,000 users through- 
out the world. It eliminates 
virtually all of the roadblocks 
required to use simulation 
software as advanced as ACSL. 

So you can do more simulation, 
improie your designs and get to 
market faster. Instead of making 
you feel simple, we made ACSL 
simple and easy to use. 

For a free computer demonstra- 
tion disk, call 1-800-647 -ACSL 



Mitchell and Gauthier 


Associates. 


The only real choice for simulations. 

For More Information Write In No. 626 




Half-State Readout in Vertical-Bloch-Line Memory 

Potentially narrow margins of chirality-based chopping of magnetic stripes would be avoided. 
NASA's Jet Propulsion Laboratory, Pasadena, California 


Half-state readout is an experimental 
method of readout in a Vertical-Bloch- 
Line (VBL) memory. Half-state readout is 
based on differential deflections of the 
magnetic stripe domains in which data 
bits are stored. To give meaning to an 
explanation of half-state readout, it is 
necessary to recapitulate from “Vertical- 
Bloch-Line Memory” (NP0-18467), 
NASA Tech Briefs, Vol. 17, No. 6 (June 
1993), page 42: The storage medium in 
a VBL memory is a film of magnetic 
garnet or other suitable magnetic 
material. Blocks of data are stored in 
magnetic stripe domains, the locations of 
which are stabilized and demarcated by 
grooves in the film. The magnetic 
anisotropy of the film is such that the 
magnetization lies perpendicular to the 
film, the bulk of the film being 
magnetized in one direction and the 
stripes constituting ferromagnetic 
domains magnetized in the opposite 
direction. 

A vertical Bloch line (VBL) is a twist of 
magnetization in a Bloch wall (the bound- 
ary of a domain) in the plane of the 
film. Two such twists constitute a VBL 
pair. If both VBL's in a pair have the 
same chirality, then the VBL pair is stable 
and its size is much less than 1 pm. Data 
are stored in VBL pairs: the presence or 
absence of a VBL pair at a bit-cell 


location represents a binary 1 or 0, 
respectively. Heretofore, readout has 
been effected by application of a 
suitable combination of bias magnetic 
fields to expand one end of the 
magnetic stripe into a head and convert 
the VBL pair (if any) at that location to 
a magnetic bubble domain, which can 
be detected via the magnetoresistive 
effect. Unfortunately, readout by this 
method has been potentially subject to 
errors caused by narrow margins of 
chopping, based on the chiralities of the 
Bloch walls, of the magnetic stripe 
domains. 

Half-state readout is intended to avoid 
these narrow margins. Its principle of 
operation is such that the presence of a 
VBL pair is converted into one electronic 
signal, while the absence of a VBL pair 
is converted into a different electronic 
signal. The reading gate associated 
with a given stripe domain is designed 
to exploit the fact that the force exerted 
on the head of the magnetic stripe by a 
stripe-expanding magnetic field 
perpendicular to the plane of the 
ferromagnetic film is directed at angle a 
= tan -1 (KS) from the lengthwise axis of 
the stripe in the plane of the film, where 
K is a constant and S is the net chirality 
summed over that portion of the Bloch 
wall that is subjected to the stripe- 


expanding magnetic field. 

The figure illustrates the operation of 
a reading gate. Assume that the 
associated magnetic stripe domain 
contains no VBL pair. In such a case, 
the Bloch wall is unichiral and S * 0, so 
that a * 0. Thus, when the stripe- 
expanding conductor in the reading 
head is energized to generate the 
stripe-expanding magnetic field, the 
head of the stripe is deflected. Then if 
stripe-chopping conductor B is 
energized, the stripe is cut, yielding a 
magnetic bubble, which can be 
transferred out and detected. 

Now suppose that there is a VBL pair 
in the head of the stripe. The pair is 
split when the stripe-expanding 
conductor is energized, placing a single 
Bloch line near the readout head and 
reducing the net chirality, S, to zero, so 
that a = 0. In such a case, the stripe 
expands straight ahead, missing 
chopping conductor B. Thus, no 
bubble is produced when chopping 
conductor B is energized. Optionally, 
however, a bubble can be obtained by 
energizing chopping conductor A. 

This work was done by Romney R. 
Katti, Jiin-Chuan Wu, and Henry L. 
Stadler of Caltech for NASA’s Jet 
Propulsion Laboratory. For further 
information, write in 83 on the TSP 
Request Card. 

NPO-18644 

In accordance with Public Law 96- 
517, the contractor has elected to 
retain title to this invention. Inquiries 
concerning rights for its commercial 
use should be addressed to 
William T. Callaghan, Manager 
Technology Commercialization 
(M/S 79-23) 

Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91109 
Refer to NPO-18644, volume and 
number of this NASA Tech Briefs 
issue, and the page number. 

The Head of a 
Magnetic Stripe is 

deflected in the 
absence of a VBL 
pair, but expands 
along a straight line 
if it contains such a 
pair. A deflected 
head can be 
chopped to obtain a 
magnetic bubble. 
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Metal-Film Hall-Effect Devices 

Large positive and negative Hall coefficients 
are achievable. 

Marshall Space Flight Center, Alabama 


A family of Hall-effect devices is 
made from multilayer metal films 
instead of the semiconductor mate- 
rials used heretofore. The metal films 
are easier to fabricate; they can be 
formed by deposition on a variety of 
substrates, and leads can readily be 
attached to them. Also in comparison 
with semiconductor Hall-effect de- 
vices, the metal-film Hall-effect devices 
can be fabricated with larger areas, 
are potentially more reliable, and are 
less affected by impurities. These 
devices would be especially useful at 
low temperatures. 

Like their semiconductor counterparts, 
the metal-film Hall-effect devices, can be 
used to measure magnetic fields. In a Hall- 
effect device, a bias current is passed 
through the sensing film, and an elec- 
tric field perpendicular to the current is 
generated by the interaction of the cur- 
rent and the magnetic field via the Hall ef- 
fect. The Hall electric field can be meas- 
ured as a voltage that appears at 
contacts arranged across the current. 

Metal films can be patterned as ar- 
rays of Hall probes (see figure). In this 
configuration, the bias current gener- 
ates an independent voltage, propor- 
tional to the local magnetic field, 
across each probe arm, and each such 
voltage can be measured via contact 
leads at the tips of the arms. The 
device thus measures the spatial distri- 
bution of the magnetic field, making it 
possible to create a detailed image of 
the field. 

Thus far, films with large positive 
and negative Hall coefficients have been 
made by alternately depositing layers 
of tungsten and niobium. Layers with 
constant thicknesses ranging from 
less than 1 0 A to more than 30 A have 
been fabricated and found to exhibit 
various Hall-effect properties. Other 
metals and their oxides may also be 
suitable for deposition. 

This work was done by Palmer N. 
Peter o< Marshall Space Flight Center 
No further documentation is available. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight Center 
[see page 24], 

Refer to MFS-28764. 


Multilayer Metal Film 
Is Deposited as a string 
of Hall-effect probes. 
The voltages across the 
probe arms (V), Vj, Vj, 
and the like) indicate the 
local magnetic field. 




An Industry 
Breakthrough . . . 

The New 0D-1 
(Optical) Digitizer 


From Science Accessories Corporation 


Digitize on any work surface 


Accuracy t .005 inch • Large Format 
36” x 48” • Portable • Low Cost 


Accuracy of ± .005 inch through the use of 
new infra-red, high-resolution technology 
(patent pending) at rates of 150 points per 
second and repeatability of ± .001 inch. 


Large Format: The OD-1 digitizer has an 
active area of 36” x 48", and can be used on 
any surface. Now you can digitize maps, draw- 
ings, film on a light box or projected images — 
the OD-1 is that flexible. 


Portable: The ruggedly constructed OD-1 is 
a low profile unit weighing only 8 lbs. with a 
foot print of 41" x 7". Its portability lets you 
move it to the work site ... no cumbersome 
tablet to contend with. 


Flexibility: The most productive, user- 
friendly digitizer on the market. The OD- 
1 is compatible with all major software packages 
. . . offers eight standard output formats (or tailor your own) 
and has easy RS-232 interfacing. 


The digitizer of the future 
Accurate • Large Format • Portable • Low Cost 

Call for more information. 


gg KN g E 200 Watson Boulevard. P.0 Box 587 

ACCESSORIES Stratford, CT 06497 
CORPORATION (203) 386-9978 Fax (203) 381 -9270 
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Computer-Controlled, Motorized Positioning System 

Samples can be positioned in a vacuum system, in four degrees of freedom. 

Lewis Research Center, Cleveland, Ohio 


A computer-contrdlecl, motorized posi- 
tioning system has been developed for 
use in the robotic manipulation of 
samples in a custom-built secondary-ion 
mass spectrometry (SIMS) system. In 
SIMS, as in many analytical techniques, 
the orientation of a sample must be 
accurately controlled to carry out sys- 
tematic measurements. In some cases, 
it may be necessary to position sam- 
ples in situ; it is difficult to do this manu- 
ally. The computer-controlled, motorized 
positioning system can position a sam- 
ple repeatably and accurately, even 
during an analysis. 

The system can position a sample in 
three linear orthogonal coordinates and 
one angular coordinate under manual 
local control, or microprocessor-based 
local control or remote control by a 
computer via a general-purpose inter- 
face bus (GPIB). To minimize the cost 
of equipment, the hardware and cir- 
cuitry of this system were custom 
designed and built to automate an 


existing commercially available 4-axis, 
manually controlled manipulator. 
(Motorized manipulators for ultra-high- 
vacuum applications are available com- 
mercially but were not chosen for this 
system because they are expensive and 
often lack versatility; for example, a unit 
of this type cannot be switched or easily 
converted between manual control and 
remote control from a host computer via 
a GPIB.) 

Figure 1 shows the motorized posi- 
tioning mechanism mounted on a SIMS 
analysis chamber. Motor-drive mecha- 
nisms dedicated to the x, y, and z trans- 
lational degrees of freedom and the one 
rotational degree of freedom are mount- 
ed on the manipulator body by use of 
custom-built brackets. Each drive mech- 
anism includes a pair of timing pulleys 
coupled by a timing belt and driven by 
a biphase stepping motor. One pulley 
is attached to the motor shaft, while 
the other is mounted on the handle of 
the micrometer that was originally 


designed to be used in manual posi- 
tioning along the affected axis. 

Each motor provides angular steps 
of 3.6° (100 steps per revolution), and the 
micrometers have 500 divisions per 
revolution, each division representing a 
translation of 1 pm. For x, y, and z, a 
pulley ratio of 5:1 is used to increase 
the drive torque and refine the resolu- 
tion from 5 pm per step to 1 pm per 
step. For the rotational axis, a pulley 
ratio of 3.6:1 is used to obtain a resolu- 
tion of 1 ° per step. 

The microprocessor- based control 
subsystem shown in Figure 2 was 
designed and built to provide for com- 
puterized control of the stepping 
motors. This subsystem includes cus- 
tom-built circuitry connected, via an 
interface circuit, to a commercially 
available microcomputer. The micro- 
computer includes an MC6802 micro- 
processor, memory, display, keyboard, 
and power supply. The custom-made 
circuitry includes stepping-motor dri- 


Figure 1 . 

The 

Positioning 

Mechanism. 

part of the 
motorized 
positioning 
system, is 
mounted on 
the main 
analysis 
chamber 
of a SIMS 
system. 
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RECORDING AT 
UP TO 32 Mb/SEC 
ISN’T ITS MOST 
ATTRACTIVE 
FEATURE. 



THE METRUM BUFFERED VLDS 
DIGITAL DATA RECORDER 

A data rate of up to 32 megabits per second 
is nothing to sneeze at. It can let you do a lot 
of things. And do them very well. 

But it can cost you an arm and a leg. 

Unless you use your head. And get yourself 
a Metrum BVLDS digital data recorder. 

This full-featured cassette machine costs 
about half of what you’d expect to pay for 
such impressive specifications. 

Plus, the new Metrum BVLDS is virtually 


maintenance-free. Needs no calibration or 
head cleaning. Takes only seven inches of 
rack space. And uses compact, economical 
ST- 120 cassettes, which can save you a lot 
in storage hassles and media costs. 

The BVLDS also comes with a parallel, 
serial or SCSI interface. 

All things considered, it’s hard to say what 
this unique machine’s best feature is. 

But its low price is a great place to start. 

METRUM 


FOR TECHNICAL LITERATURE ON THE METRUM BUFFERED VLDS, CALL 1-800-METRUM-2. 

For literature write In 559 
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Figure 2. This Microprocess-Based Control System provides for manual local control 
(via the keyboard) or computerized remote control (from the host computer via the GPIB) 
of the positioning mechanism. 


vers, control-logic circuits, a GPIB in- 
terface, memory, a decoding circuit, and 
its own power supply. 

Software is provided in this system at 
two levels. First, an assembly-language 
program resides in read-only memories 
in the microprocessor-based controller. 
This program interprets and executes 
both local instructions that originate from 
the keyboard of the microcomputer and 
remote instructions that come from a 
host computer via the GPIB. This pro- 
gram also tracks and displays one rota- 
tional and three translational manipulator 
coordinates, provided that the initial val- 
ues of them were correctly entered into 
the memory of the microcomputer 
prior to operation. (Prior entry is neces- 
sitated by an open-loop design.) 

The other level of software needed for 
the operation of the system pertains to 
the host computer. The software for the 
host computer was developed by use 
of a high-level scientific software pack- 
age called ASYST. Routines for control 
of the position of the sample were easi- 
ly incorporated into software written 
previously for control of, and acquisi- 
tion of data from, the SIMS system. 

The performance of the positioning 
system has been tested for backlash 
and repeatability by moving a silicon 
sample in complex patterns, bombard- 
ing it with 15-keV oxygen ions at each 
location, and measuring offsets in the 
resulting sputter patterns. Although the 
maximum measured backlash in all 
directions is about 80 urn, the posi- 


tioning is highly repeatable (no offset is 
detected), provided that backlash is 
taken into account when moving the 
sample. 

This work was done by Carlos Vargas- 


Aburto and Dale R. Lift of Kent State 
University for Lewis Research Center 

No further documentation is available. 
LEW-15452 


Measuring Frequency Instability of a Large Antenna 

Contributions of instability from other sources are minimized. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


The figure illustrates a technique for 
measuring the frequency instability of a 
34-m-diameter radio-astronomical an- 
tenna with beam-waveguide coupling 
to the associated receiver signal-pro- 
cessing equipment. The measurements 
are intended primarily to reveal the con- 
tributions of wind and air-temperature 
effects on the antenna and beam- 
waveguide structures to the overall fre- 
quency instabilities of received signals. 
In comparison with older techniques 
for measuring the frequency instabili- 
ties of antennas, this technique is sim- 
pler, less expensive, potentially capable 
of providing instability data in shorter 
measuring times, and more precise. 

The technique involves the recep- 
tion of far-field signals transmitted 


from geostationary satellites at fre- 
quencies from 11.7 to 12.2 GHz. Both 
the 34-m antenna under test and a 
stable reference antenna of 10-ft 
(about 3-m) diameter are aimed to 
receive one of these signals, and the 
outputs of both antennas are fed to a 
phase-detector Allan-variance-mea- 
suring instrument located in the 
pedestal room under the 34-m anten- 
na. Those phase variations that are 
common to the signal-propagation paths 
from the satellite through both anten- 
nas cancel each other at the output of 
a mixer in the Allan-variance-measuring 
instrument. Thus, the phase variations 
that remain should be attributable to 
differences between the 34-m antenna 
under test and the reference antenna. 


To enable accurate determination of 
the frequency instability of the antenna 
down to a level of about 2 x ICT^, it is 
necessary that the signal-propagation 
path from the reference antenna to the 
Allan-variance-measuring instrument 
be very phase stable, exhibiting a frac- 
tional frequency instability of no more 
than about 2 xIO -1 ® This stringent 
frequency-stability requirement is sat- 
isfied by use of a fiber-optic system: 
The signal received by the reference 
antenna is amplified, filtered, and 
amplitude-modulated onto a laser 
beam, which is transmitted along 150 
ft (about 46 m) of fiber-optic cable to a 
fiber-optic receiver located near the 
Allan-variance-measuring instrument. 

The signal received by the 34-m an- 
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From parallel 860s, to 386, 486 and Pentiums... 

NDP™ Fortran and C/C++ 



Drive Them All! 


M icroway’s industry-leading 
32-bit Fortran produces the 
highest quality numeric code and 
supports all x86 operating systems, 
processors and numeric devices. 

NDP Fortran was used to port 
industry standards like SRAC’s 
COSMOS/M to the 486 and is 
required to use AspenTech’s ASPEN 
PLUS, IBM’s OSL, and Fluid Dynamics’ 

F1DAP. The compiler uses advanced numeric optimizations 
and instruction scheduling which favor fast numerics and 
RISC devices. 


QuadPuter®-860 . . . 200 Megaflops 

The 200 megaflops of Microway's QuadPuter-860 are optimally 
harnessed using NDP Fortran-860, libraries from IMSL, NAG 
and KUCK, and the PSR Vectorizer. 


NDP Fortran, CIC++, Pascal 
and our new Fortran 90 

for the 386, 486, 

Pentium, and 860 run 
under either Extended 
DOS, OS/2, NT, UNIX 
V.3/4, SOLARIS, or 
COHERENT. 

The extended DOS * 

compilers feature GREX, Microway’s proprietary device- 
independent graphics library. To run large applications on 
DOS, our VCPI-based, demand paged virtual memory is 
superior to all alternatives. We also offer DPMI support for 
the OS/2 and the Windows DOS Prompt Box. The OS/2 
compilers include support for OS/2’s 32-bit graphics engine. 

Microway’s NDP Fortran 90 is a full implementation of the 
ANSI Fortran 90, which includes the entire array syntax 
notation, dynamic memory allocation, module definitions, 
and a complete library of intrinsics. Call for your ffee demo 
disk and white paper. 


NDPC-B60 


NDP Fortan-a60 MiCTO 

Way 


H 


Micro 

Iflay 



GigaCube 

Microway can build 
you a customized one 
gigaflop NFS compu- 
tational server using 
five QuadPuters ® 
running in one of our 
industrial grade T owers 
for under $5 OK. We 
also configure less 
expensive 48 6 work- 
stations. All feature 
industrial grade Ameri- 
can power supplies 
based on Todd cores 
and flow-through 
filtered cooling. 



I f you plan to use a 386, 486, 860 or Pentium and require 
portability across operating systems, numeric speed, 
precision and superior technical support, then NDP Fortran, 
C I C++ or Pascal is the only solution. 


Microway 


Learn why more government research labs, universities 
and engineers worldwide specify "Microway." To 
enroll in our Fortran 90 Professional Training Seminar 
in Boston (Dec/Jan) or San Jose (March) please call 
Technical Support at 508-746-7341. 


Technology You Can Count On 


Corporate Headquarters, Research Park, Box 79, Kingston, MA 02364 USA • TEL 508-746-7341 • FAX 508-746-4678 
U.K. 08T54T5466 • Germany 40-5245096* Greece 01-291-5672 • India 11 681 0645 • Israel 3-751 -2929 
Italy 2-749-0749 • Japan 079 822 5855 • Poland 22-4141 15 • Portugal/Spain 1 -60 4049 • Russia 095 155 0848 



tenna under test is processed via a 
K u -band test package placed near 
one of the focal points (called “F3”) of 
the antenna/beam-waveguide system. 
The output of this test package and the 
output of the fiber-optic receiver are 
coupled to the Allan-variance-measur- 
ing instrument via short, phase-stable 
microwave cables. 

Tests of the fiber-optic signal-propa- 
gation system alone (without the refer- 
ence antenna) showed that this sys- 
tem exhibits typical Allan variances of 
the order of 4 x 1 CT 1 ® during 1 ,000-s 
sampling intervals, and that the best 
performance achievable by this system 
is an Allan variance of about 1.1 xIO - ®, 
which satisfies the frequency-stability 
requirement. Preliminary measure- 
ments of the frequency instability of 
the 34-m antenna were taken by use 
of signals from geostationary satellites 
at elevation angles of 46.5’ and 37°: 
these measurements showed a frequen- 
cy instability that ranged between 1 .3 
xlCT 1 ® and 2.2 x 1 CT 1 ® for measuring 
intervals of 1 ,024 s, in good weather. 
Previous techniques yielded measure- 
ments no more precise than a few 
parts in 10 14 . 


34-m Antenna 
Under Test 


Beam-Waveguide 



'77777//, 


K u -Band 

Test 

Package 


The Frequency 
Instability of the 
Antenna Under 
Test (relative to 
that of the refer- 
ence antenna) is 
determined from 
measurement of 
the phase devia- 
tion between the 
outputs of the two 
antennas. The 
fiber-optic system 
is used to mini- 
mize a spurious 
component of fre- 
quency instability 
contributed by 
propagation of the 
signal from the ref- 
erence antenna to 
the Allan-variance- 
measuring instru- 
ment. 


This work was done by Tom Y. 
Otoshi, George F. Lutes, and Manuel 
M. Franco of Caltech for NASA's Jet 
Propulsion Laboratory. For further 


information, write in 68 on the TSP 
Request Card. 

NPO- 18991 


Nonlinear Simulation and Control... 

...tor Non-Programmers 


" For weeks I 
couldn't control 
my 8-heater 
system. Two days 
after using 
VisSim. / was 
successful. After 
a few more days. 
I improved 
performance 
beyond my old 
custom hardware 
and softM-are 
setup. 1 " 

Arthur l,odgi< 

Senior Control 
Designer 


Introducing VisSim/C-Code 



VisSim/C-Code generates 
efficient ANSI C code directly 
from the popular systems design 
and simulation package, 
VisSim”. 

With a click of the mouse, 
convert your block diagram into 
its ANSI C code equivalent. 


Acquire data at rates of up to 
50kHz (single chann 
Execute simulations 
on any processor 
supporting ANSI C. 

VisSim/C-Code is available on 
MS/Windows and UNIX “/X . 



Run simulations up to 7 times 
faster under DOS. 


Call 508-392-0100 

FOR MORE INFORMATION 


Visual Solutions 

ikCO^PQPATfD 


487 Groton Road 
Westtord. UA 01886 
Tel 508-392-0100 
Fax 508-692-3102 



Mrnnsurre 

WIKOOWSn 

Ompathu> 


For More Information Write In No. 569 


Introducing 

RUSSIAN 


Tech Briefs 


The Official Technology Transfer Publication 
Of The Russian Space Agency 

F eaturing EXCLUSIVE reports of the latest innovations 
developed in Russia's premier aerospace research 
labs.. .previously classified technologies offered for the first 
time to U.S. businesses. Discover novel engineering solutions 
and new product ideas across the high-tech spectrum: 


. /Idvanced Manufacturing 


Biotechnology 
Computing 
Electronics 
Materials 
Mechanics 
Machinery 
...and much more! 



Write in No. 590 for a free sample — while supplies last. 
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Presenting A Mini Revolution 
In Laser Power Meters. 



Introducing llic Power Wizard™ 250. 

A whole new measurement concept* using a powerful ana- 
log computer implemented in surface mount technology 
that makes laser power measurement as simple as a wave 
of the wand. 

Just place the Power Wizard in the beam path, wait a 
few seconds till the meter beeps, and presto — you've got 
a highly accurate measurement in your hand. 

Need to make consecutive measurements? No prob- 
lem. Simply press the "power 
reset" button, and the Power 
Wizard instantly readies itself 
for your next measurement. 

What's more, each mea- 
surement stays on the high- 
contrast LCD readout for 20 
seconds — plenty of time to 
record your measurement 
before the Power Wizard shuts 
off automatically. 

That sure beats all the 
hocus pocus of traditional 
"meat thermometer" solutions— stop watches, measure- 
ment inaccuracies and lots of patience waiting for the tar- 
get to cool. 

Best yet. the Power Wizard doesn't perform a big dis- 
appearing act on your budget. In fact, the unit costs just 
$425. Such a deal — especially when you consider all you 
can do with it: check your laser's performance, inspect for 


Power Wizard 

Can Be In Your Hands For Just 

*425 

It's as simple as calling: 

1-800-SYNRAD-1 

(1-800-796-7231) 
Outside t'.S. call (206) 483-6100 


optical system 
losses, measure 
power between optical 
elements, and much, much more. 

The Power Wizard is optimal for lasers 
from Excimers to YAGs to CO,. It covers all wavelengths 
from 0.19 to 1 1 pm. and measures up to 250 Wbtts CW. All 
with 3-digit resolution and ±5% accuracy, traceable to NIST. 

Lightweight and pocket-sized, the Power Wizard is ideal 
for service technicians on the road. Not to mention applica- 
tions ranging from medical and R&D to the most demanding 
industrial environments. The built-in lithium battery provides 
for 25,000 measurements and a shelf-life of over five years: 
the LCD display tells you when to change the readily-avail- 
able set of batteries. 

And of course, the Power Wizard is backed with the 
quality, reliability and service you've come to expect from 
Synrad — the world's leading manufacturer of sealed C0 2 
lasers. 

So put the magic of 
fast, affordable laser 
power measurement in 
the palm of your hand. 

Just pick up the phone 
and order your Power 
Wizard 250 today. 


SYNRAD 


1 1816 North Creek Parkway N. 
Bothell. Washington 9801 1-8205 
(206) 483-6100 Pax (206) 485-4882 


Our international representatives 

Australia 61-3-761-5200 Belgium & Luxembourg 32-71 48 84 48 Canada 514-331-3202 China 86-1-5002255 x 4350 Czechoslovakia . Hungary. Poland. Slovak Republics 49 89 15 60 1 1 Denmark: 45-39-40-60-44 
France&Switzerland 33-1-60-79-59-51 Germany, Austria Switzerland 49-89-8901350 Greece 30-31-204550 Israel 972-9-574111 Japan 81-3-3758-1111. Korea 82-2-753-3108 The Netherlands 31-1720-31234 
Poland 48-224-318-02 Singapore 65-382-2633 South Africa 27-12-86-1 100/8088/8052 Spam 34-1-519-01-65 Sweden & Norway 46-8-7569190 Turkey 901-516*22-17 United Kingdom 44-908-221123 


“Patent Pending 


For More Information Write In No. 599 






Physical Sciences 


Inspecting Pipe Radiographically Through 
Asbestos Insulation 


Welds can be evaluated without removing insulation. 
Langley Research Center, Hampton, Virginia 


Welds between sections of insulated 
steampipe can be located and inspect- 
ed radiographically. Thus, unless there is 
a need to repair a defective weld, one can 
avoid the cost, time, and hazard of re- 
moving asbestos insulation. 

The radiographic inspection method 
makes it unnecessary for inspectors to rely 
on spot checks in which insulation is 
removed. Instead, it enables inspectors 
to locate and evaluate nondestructively any 
weld in a pipe system. They can do so 
without shutting down the steam, in- 
asmuch as the intact insulation protects 
workers from injury and equipment from 
damage. Most important, they do not 
have to disturb the insulation and there- 
by cause the release of potentially car- 
cinogenic asbestos particles. Elaborate 
asbestos-handling procedures that involve 
the use of tents, masks, and exhaust fans 
are unnecessary unless an unaccept- 
able joint is found. 

The hidden weld joints are first locat- 
ed by use of a low-power fluoroscope, 
which is moved along a pipe while a tech- 


nician observes the fluoroscopic image. 
The low-energy x rays from the fluoroscope 
penetrate the insulation but not the pipe. 
Thus, a weld bead appears in silhouette 
on the fluoroscope screen. The technician 
can then accurately mark weld sites on the 
insulation for later inspection. 

The radiographic inspection is then 
done by exposing x-ray film on one side 
of a pipe to an iridium- 1 92 x-ray source 
on the opposite side. Depending on the 
diameter of the pipe, the iridium may be 
placed directly on the pipe or on a 
standoff (see figure). 

To demonstrate the validity of the tech- 
nique, x-ray photographs of pipe joints 
taken through insulation were compared 
with x-ray photographs of the same pipe 
joints after the insulation had been re- 
moved. The same unacceptable indica- 
tions were visible in both sets of radio- 
graphs. However, through-the-insulation 
radiographs were found to differ from 
direct radiographs in three ways: 

• The insulation reduces the contrast on 
the film slightly, but not unacceptably. 


• Extraneous pieces of material in the 
insulation occasionally appear in the radi- 
ographs. Where such material affects in- 
terpretation of an image, the weld joint 
can be radiographed with the x-ray source 
slghtVoffsetfltniitsinitialposition.Bycom- 
paring the two radiographic images, one can 
decide whether a piece of material that 
appears in the images is inside or outside 
the weld. 

• Placement of the film outside the 
insulation causes enlargement of the 
weld in an image, making such defects as 
slag inclusions and pores appear larger than 
they are. However, rather than correct for 
geometric enlargement, interpreters can 
reject any welds, the defect images of 
which are larger than allowed in code 
specifications, thus implementing a con- 
servative interpretation in the interest of 
safety. 

This work was done by David P. Gianet- 
tino of Technology Applications, Inc., for 

Langley Research Center. No further 

documentation is available. 

LAR- 14930 



The 

Iridium-192 
X-Ray 
Source is 

placed on 
or away 
from the 
insulation, 
depending 
on the 
diameter 
of the 
pipe. 


Oil-and-Gas-Fire Snubber 

The flame is diverted and extinguished without explosives. 

Langley Research Center, Hampton, Virginia 

Several methods are currently used to and thus stops the fuel supply. In others, involves sudden application of force to 

extinguish oil and gas fires. In some one extinguishes the flame while the fuel collapse a pipe or to plug a hole solidly, 

methods, one collapses the feed source is still running. The first approach usually The second approach most often 
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We never lose sight of the details. 

When it comes to electronic image capture, 
nothing escapes the notice of the KODAK 
MEGAPLUS Camera. Incorporating our ad- 
vanced CCD sensor technology, our MEGAPLUS Cameras feature 
ultra-sharp resolutions of up to 2029 x 2044, along with square pixels 
for greater light sensitivity and sub-pixel accuracy. Best of all, they 
deliver pictures in a digital format that’s readily com- 
patible with your display and analysis hardware. Call to 
learn more about our line of digital imaging products. 




In Living Color! 

With 24-bit precision color and 2.6 mil- 
lion pixels, the KODAK MEGAPLUS 
XRC Camera is ideal for use in film 
animation, electronic publishing and 
other color-critical applications. The 
XRC camera also features four different 
high-definition display modes, a high- 
speed SCSI port and RGB connections 
for analog display. 



A Resolution Revolution! 


With 4.2 million pixels per image, 
the KODAK MEGAPLUS Camera, 
Model 4.2 is ideal for use in metrol- 
ogy, microscopy, machine vision, 
document digitization, semiconduc- 
tor inspection and other applications 
requiring the highest resolution. The 
camera features 8-bit pixel depth, 
frame rates of 2.1 images/second, 
analog and digital video outputs. 

For More Information Write In No. 473 



Eye-Catching Images! 

The KODAK MEGAPLUS Cam- 
era, Model 1 .4 is a proven performer 
in applications such as medical 
imaging, document digitization and 
quality assurance inspection. With 
a 1320 x 1035 pixel array, this cam- 
era’s resolution is four times better 
than competitive cameras - at a price 
that’s more affordable than ever. 

For More Information Write In No. 474 



For more informa- 
tion about KODAK 
MEGAPLUS Cameras 
or any of our other 
professional imaging 
products, call us at 
1 - 800 - 462 - 4307 , 
ext. 111. 
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involves setting off a powerful explosive 
device close to the flame source, thus 
forcing the flame away from the fuel long 
enough to extinguish it. In other methods, 
one generally tries to cool or dilute the 
flame below ignition conditions. 

The oil-and-gas-fire snubber extinguish- 
es the flames without the use of an 
explosive and with the use of little or no 
coolant. The snubber consists of a pipe 
with two branches and a selector valve 
to connect the pipe to either branch (see 
Figure 1). The snubber is placed over the 
oil or gas fire, then seated tightly against 
the ground with the flame coming out of 
one of the branches. If the ground is 
allowed to cool and small fires on the 
ground are extinguished, the only 
remaining flame will be coming from the 
open branch. 

The flow is then rapidly redirected to 
the other branch (see Figure 2) in such a 
manner as not to raise the back 
pressure significantly during the 
switching process. The flame will not 
transfer to the new branch. Care must be 
taken to prevent backflash through the 
tube to the new exit; consequently, an 
internal flame suppressor (honeycomb, 



Figure 1 . 

The Oil- 
and-Gas- 
Fire Snub- 
ber consists 
of a pipe 
with 
two exit 
branches 
and a large 
selector 
valve, which 
is positioned 
over a 
well, on 
the path 
of escaping 
fuel. 


screen, or sprayed water) may be 
needed. 

Each of two versions of the snubber 
would have different uses. The first 


version would be used only to extinguish 
the fire. The exit branch would be only 
long enough to keep the fuel away to 
prevent reignition. The second version 



Although Mr. Chameleon's tongue usually sticks* 
to its prey, Mr. Butterfly lived to see another day - 
albeit with a headache. 

And while MrJCWs no way to perfect his 
str\)Re*olher than practice, researchers and design 
ers can use a KODAK Motion Analysis System to 
freeze those critical moments that make all the 
difference between success and failure. 


Providing up to 12,000 digital pictures per 
second, Kodak can help you analyze fluid mech- 
anics, bullet trajectories, electrical arcing, high- 
speed printer head impacts, tire behavior at 90 
mph, production machine design and much, 
much more. 

There are so many fascinating applications, in 
fact, that we've published a primer on the subject 


would be needed if a well could not be 
capped after a fire at the well was 
extinguished and oil and gas remained 
present in problem quantities. In this 
version, the exit branch would be long 
enough to extend to an oil-storage tank, 
and the gas would be separated from 
the oil and vented or burned at a 
convenient location. 

Because the snubber has to be placed 
over the fire and because the forces 
(weight of the snubber and forces caused 
by flow of oil and gas) encountered in 
this operation can be fairly large, the 
methods of positioning and bracing the 
snubber are also important. For example, 
a tracked vehicle, such as a bulldozer, 
with a forward cranelike extension could 
be used to position the snubber and to 
turn the valve handle remotely. The 
snubber method should prove significantly 
less expensive and less time consuming 
than other more conventional methods 
have been. 

This work was done by Leonard M. 
Weinstein of Langley Research Center. 

No further documentation is available. 
LAR-14691 



Figure 2. The Flame Is Moved To One Side; then the flow of fuel is moved to the other 
side, away from the flame. 



Entitled "How Motion Analysis Helps 
Solve Tough Research, Design & Test 
Problems," it will show how a new 
frame of reference can make a world 
of difference in your work. Call 
800-462-4307, ext. 4000 or write us 
at 11633 Sorrento Valley Road, San 
Diego, CA 92121. 


Kodak 


Eastman Kodak Company 


€> Eastman Kodak Company, 1 992 





Materials 


Desulfurization of Gas-Turbine Blades 

Glow-discharge cleaning could remove sulfur from nickel-based superalloys. 
Langley Research Center, Hampton, Virginia 


Sulfur can be removed from the nick- 
el-base superalloy used to make gas- 
turbine blades by heating the alloy and 
simultaneously subjecting it to sputter- 
ing by directed Ar* ions from an ion gun 
or from a glow discharge. Reduction of 
the sulfur content of the superalloy by 
a factor of 10 could increase the life- 
time of a turbine blade made of this 
alloy by a similar factor, because the 
stability of the protective surface oxide 
formed during operation of the turbine 
would be increased. 

A thin and continuous scale or film of 
Al 2 0 3 that forms on the surface of an 
advanced nickel-base superalloy pro- 
tects the underlying alloy from further 
oxidative attack at temperatures above 
980 °C. It has been found, however, that 
the segregation of indigenous sulfur to 
the alloy/oxide interface induces the other- 
wise adherent aluminum oxide scale to 
spall during thermal cycling (see Figure 
1). The present method to prevent this 
spalling is to add small, precise amounts 
of yttrium and other lanthanides to the 
melt of the Ni-based superalloy to 
react chemically with the sulfur and 
form stable sulfides that lock up the 
sulfur and prevent it from segregating 
to the interface between the bulk alloy 
and the Al 2 0 3 overlayer. However, the 
inherent reactivity of yttrium and other 
lanthanide elements requires an excep- 
tionally high degree of control over the 
alloy chemistry during melting and 
casting, which often gives an inferior 
blade. 

Figure 2 illustrates the glow-discharge 
version of the proposed sputtering/heat- 
ing desulfurization process. Extrapolat- 
ing from previous research on a Ti/Al/Nb 
alloy, it is expected that heating the nick- 
el superalloy to a temperature of about 
800 °C should result in dissolution of the 
surface carbon and oxygen followed 
by the subsequent segregation of sul- 
fur to the grain boundaries, phase 
boundaries, and then to the interface or 
surface, from whence it would be 
depleted by impact of Ar + ions. A vis- 
cous flow of argon at a pressure 
between 0.1 torr (about 13 Pa) and 5 
torr (about 0.7 kPa) would remove the 
sulfur from the vicinity of the surface, 
thereby preventing readsorption. (This 
flow would have to be turned off during 



Figure 1. A Protective Scale ot Al 2 0 3 forms on the surface of a turbine blade. However, 
segregation of sulfur to the surface causes spallation of the Al 2 0 3 scale. 



Figure 2. Gas- 
Turbine Blades 

made of 
Ni-based 
superalloy 
would be 
desulfurized by 
simultaneous 
heating and 
exposure 
to a glow 
discharge 
in flowing 
argon gas. 



SPECIFY INCO SPECIALTY POWDERS 
FOR WIDE RANGE OF 
ELECTRONIC APPLICATIONS 



Inco Type T 287 Filamentary Powder, particle size (FSSS) 
2. 6-3. 3 microns, apparent density 0. 75-0.95 g/cc. relative 
surface resistivity 0.30 ohms per square ( □ ). 



Novamet HCA-1 Flake, screen mesh 98% minus 400. 
apparent density 0.90 g/cc. thickness 1.0-1. 1 microns, 
surface resistivity 0.25 LI /O. 


Inco Specialty Powder Products now has a wide 
range of nickel and coated powders with exceptional 
conductive and magnetic properties. These properties 
make them ideal for a spectrum of electronic applica- 
tions such as conducting film technology, coatings, 
adhesives, gaskets and EMI shielding. 

EXTENSIVE PRODUCT RANGE 

The development of computer processed control 
coupled with the continuous powder production 
improvements enables us to meet your most stringent 
powder specifications for electronic applications. 

In addition to the products pictured above, INCO SPP 
has available the following high performance powder 
products. Novamet Conductive Nickel Spheres, particle 
size (FSSS) 8-9 microns, apparent density 3 2-3. 5 g/cc, 
surface resistivity 1.0 ohms per square. Novamet 525 
Conductive Nickel Pigment, screen mesh 100% minus 
400, particle size 3.2 microns, 0.65 BET surface area 
m /g, surface resistivity 0.35 ohms per square. Silver 
Coated Nickel Flake, 15% Ag, 2.6 g/cc apparent den- 
sity, particle size (FSSS) 15 microns, screen mesh 99% 
minus 200, surface resistivity 0.04 ohms per square. 

Magnetic ferrites and surge arrestor applications also 



Novamet Silver Coated Nickel Spheres. 15% Ag, 

2 5 g/cc apparent density, particle size 10 microns, 
screen mesh 99%-250, surface resistivity 0.03 Q/ □. 



Novamet Nickel Coated Graphite. 60 % fully encapsulated Ni, 
apparent density 1.6 g/cc, particle size (FSSS) 100 microns, 
screen mesh 63% 150/ * 250, surface resistivity 0.3 <i/Q 


use our specialized range of nickel oxides High Purity 
Black Nickel Oxide, 77.2% Ni, BET 75 (m /g) particle 
size (FSSS) 5.2 microns, minus 325 mesh 99% plus. 
Green Nickel Oxide. 78.5% Ni. BET 3 (m /g) particle 
size 1 .6 microns, 325 mesh 100%. 

Inco Specialty Powder Products is your unique 
source for custom fitting high performance powders into 
electronic applications. Our customer focused, world- 
wide marketing service group is ready to help you with 
your current and future needs. 

For more information write INCO Specialty Powder 
Products, Dept. 1-90, Park 80 West-Plaza Two, Saddle 
Brook, NJ 07662 


INCO SPP 

Park 80 West-Plaza Two. Saddle Brook. NJ 07662 
Shin-Muromachi Building, 4-3 Nihonbashi-Muromachi 2-Chome. 

Chuo-ku, Tokyo 103 Japan 
1-3 Grosvenor Place, London SW1X7EA England 
15/FI Wilson House. 19-27 Wyndham Street Central, Hong Kong 


For More Information Write In No. 535 





ion-gun sputtering because of the 
need for a large mean free path for the 
ions.) In the glow-discharge version of 
the process, the speed of the conveyor 
belt would be such that the blades 
would be in the heater-tube/glow-dis- 
charge region for a sufficient time to de- 
plete the sulfur in the turbine blades. 


This time would be a function of the 
size and shape of the blades and of 
the time necessary for the sulfur to dif- 
fuse from the most distant regions of 
the bulk blade material to the surface.' 
This technique is also amenable to a 
batch process. 

This work was done by Ronald A. 


Outlaw of Langley Research Center 

For further information, write in 43 on 
the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Langley Research Center [see page 24], 
Refer to LAR- 14784. 


Polyimides Containing Pendent Ethynyl Groups 

Upon heating, the pendent ethynyl groups react to form useful cross-linked resins. 
Langley Research Center, Hampton, Virginia 
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SYNTHESIS OF A COPOLYMER 


A series of novel diamines containing 
pendent ethynyl groups have been syn- 
thesized and reacted with various 
dianhydrides to form polyamide acids 
that have been cyclodehydrated to form 
polyimides containing pendent ethynyl 
groups. Copolyimides of these 
diamines and other diamines have also 
been prepared. Upon heating, the 
ethynyl groups in these polymers react 
with one another to form cross-linked 
molecular structures. As a result of 
this curing reaction, the resistance to 
solvents, glass-transition temperature, 
and modulus of elasticity of a polymer 
of this type generally increase, 
accompanied by a corresponding de- 
crease in tensile elongation and 
toughness. The cured polymers can be 
used as films, moldings, adhesives, and 
composite matrices. 

In comparison with acetylene- 
terminated imide (ATI) oligomers, which 
typically form brittle films, the polyimides 
that contain pendent ethynyl groups 
exhibit high molecular weights and 
form tough films before the ethynyl 
crosslinking reaction takes place. 
Furthermore, the crosslink density of the 
cured resins made from polyimides that 
contain pendent ethynyl groups can be 
controlled by copolymerizing diamines 
that do not contain ethynyl groups 
with diamines that do contain the 
pendent ethynyl groups to form high- 
molecular-weight polymers. The 
crosslink densities of ATI's can be 
varied only by changing the molecular 
weights of the oligomers, thereby 
affecting the ability to make films and 
moldings. 

The figure shows some typical 
syntheses. The ethynyl-containing 
monomer reacted with a suitable 
dianhydride in dimethylacetamide 
(DMAc) for 8 to 16 h at room 
temperature to form a polyamide acid. 
To form a film, for example, the 
polyamide acid can be cast onto a glass 
plate and subsequently dried at temper- 
atures as high as 350 °C. Some of the 


films made in this way exhibit glass- 
transition temperatures when 
subjected to differential scanning 
calorimetry. These films are insoluble in 
either DMAc or chloroform. 

Alternatively, the monomers can be 
used to prepare amide acid copolymers 
and, ultimately, imide copolymers, as 
shown at the bottom of the figure. The 
copolymers are insoluble in DMAc or 
chloroform, but do swell somewhat. 

This work was done by Paul M. 


Hergenrother and Brian J. Jensen of 

Langley Research Center For further 
information, write in 103 on the TSP 
Request Card. 

This invention is owned by NASA, 
and a patent application has been 
filed. Inquiries concerning nonexclusive 
or exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Langley Research 
Center [see page 24], 

Refer to LAR-1 4825. 
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Which sealing problem is 
most like yours? 



The tiniest seal for a 
microminiature application Apple 
Rubber MicrOrings'." are available in over 
1.000 sizes, including .008" I.D.. the world's 
smallest O-ring. 



Prototypes needed yesterday - 

Apple Rubber custom-engineers prototype 
seals and shapes, drastically reducing 
development time which allows for 
delivery in days. 



A custom seal with a most unusual 
shape - Apple Rubber can provide any 
custom molded shape specifically for your 
application, from the most exotic seal to 
microminiature shapes. 



Hard-to-flnd oversized 0-rings - 

Apple Rubber MacrOrings™ are 
manufactured up to 800" I.D. and larger, to 
hold I D. tolerances equal to or superior to 
traditional, molded large O-rings. 



A composite seal designed for 
your specifications Apple Rubber 
custom-designs composite seals, including 
the most complex parts such as rubber- 
bonded-to-metal. 



Standard or metric 0-ring sizes 
deOoei ill right away - Apple Rubber 
stocks the largest inventory of O-rings in 
the industry, delivered fast, direct from the 
manufacturer. 


Apple Rubber solved them all. 


Apple Rubber can solve your sealing problems, from 
the most complex to the more conventional. From 
design and prototyping, through manufacturing to 
certification, we’ve got the expertise, products and 


services to deliver virtually any seal for any application. 
For more information, including a free copy of our 
capabilities brochure, call us at (716) 684-6560, 
fax (716) 684-8302, or write Apple Rubber Products, 
310 Erie Street, Lancaster N Y 14086. 


Q APPLE RUBBER PRODUCTS IBC. 


The Sealing Solutions Company 

1 - 800 - 828-7745 
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Aromatic Poiyimides Containing Meta-Biphenoxy Moieties 

Low glass-transition temperatures make these polymers more thermoplastically processible. 
Langley Research Center, Hampton, Virginia 



A Representative Polyimide that contains mefa-linked biphenoxy moieties is synthesized 
from an amine and a dianhydride that each contain a biphenoxy moiety. 


Polyimide* 

Glass-Transition 
Temperature, °C 

Inherent Viscosity, 
Deciliters/Gram 

Color/ 

Appearance 

Creasable 

Crystallinity 

A 

182 

0.66 

Yellow/Gold 

Yes 

— 

B 

209 

0.96 

Yellow/Gold 

Yes 

None by WAXS 

C 

215 

0.44 

Yellow 

Yes 

— 

D 

Crystalline 

0.53 

Yellow/T ranslucent 

Yes 

Yes. Melt at 346 °C 

E 

190 

0.99 

Yellow/Gold 

Yes 

None by WAXS 

F 

172 

0.55 

Yellow/Gold 

Yes 

None by WAXS 

G 

235 

0.68 

Yellow 

Yes 

Yes. Melt at 386 °C 

H 

210 

0.74 

Yellow/Gold 

Yes 

-- 

1 

202 

0.90 

Yellow/Brown 

Yes 

— 


Note: *WAXS“ means Wide-angle X-ray scattenng. 

* The capital letters in this column represent nine different polymers discribed in a NASA patent application. 


Selected Physical Properties of films of some of the novel poiyimides were measured. 


Because of their outstanding thermal 
stability, low density, resistance to radia- 
tion, eiectrical-insulating capability, tough- 
ness, and flexibility, linear aromatic poiy- 
imides are being used increasingly for 
applications in the aerospace and 
electronics industries. The synthesis of 
two novel monomers and their 
subsequent incorporation into aromatic 
poiyimides yields poiyimides that 
contain mefa-biphenoxy moieties that 
exhibit stability at high temperatures 
and that have glass-transition 
temperatures (T g ’s) lower than those of 
state-of-the-art poiyimides that contain 
para- biphenoxy moieties. These 
poiyimides show excellent potential for 
meeting future needs in both industries 
and possibly in others. 

Novel linear aromatic poiyimides that 
contain one or two mefa-biphenoxy moi- 
eties per repeating polymer unit were 
prepared in experiments. These 
poiyimides resulted from reactions 
between two novel chemical 
compounds that are synthesized in the 
experiments. One was a mefa-linked 
diamine that contains biphenoxy; the 
other was a mefa-linked dianhydride 
that contains biphenoxy. The general 
procedure for synthesis of a rep- 
resentative polyimide from both of these 
monomers is shown in the figure. 

The table summarizes the physical 
properties of films of the nine novel 
poiyimides that were prepared to prove 
the concept. All of the films were 
flexible or could be creased without 
breaking. The T g 's or softening 
temperatures ranged from 172 to 235 
°C; these temperatures are quite low for 
linear aromatic poiyimides. The low T 's 
should enable the poiyimides to be 
readily formed thermoplastically at 
temperatures slightly above their 
respective T ’s. More particularly, these 
Tg’s are 25 to 118 °C lower than those 
of the corresponding state-of-the-art 
poiyimides that incorporate the para- 
linked biphenoxy. The effectiveness of 
the incorporation of the mefa-linked bi- 
phenoxy moiety is amplified in the case 
of polyimide A, which contains two of 
these moieties per polymer repeat unit. 
This affords a 118 °C decrease in T over 
that of the corresponding state-oi-the- 
art polyimide, which contains two para- 
linked biphenoxy moieties. 

In the electronics industry, poiyimides 
are widely used as dielectric interlayers 
that must be formed into uniform 


coatings over a variety of 
subcomponents. In the aerospace 
industry, there is a need for poiyimides 
that can be processed into parts for 
aircraft and spacecraft and that will 
withstand highly oxidative and intense- 
radiation environments like those on the 
outer structural surfaces of supersonic 
aircraft, and in environments like those in 
jet engines. Poiyimides to serve as films 
and coatings for outer-space devices 
are also needed. 

This work was done by Terry L. St. 


Clair and KarenS. Whitley of Langley Re- 
search Center and John R. Pratt of Lock- 
heed Engineering & Sciences Co. For 
further information, write In 6 on the TSP 
Request Card. 

This invention is owned by NASA, 
and a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial de- 
velopment should be addressed to the 
Patent Counsel, Langley Research Cen- 
ter [see page 24] 

Refer to LAR-14517. 
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Insoluble, Low-Dielectric-Constant Polyimides 

Fluorinated polymers with dielectric constants from 2.4 to 2.5 have been made. 
Langley Research Center, Hampton, Virginia 


The dielectric constant of the commer- 
cially available polyimide currently used as 
a state-of-the-art material in advanced elec- 
tronics applications generally ranges from 
3.2 to 4.0. Linear aromatic polyimides 
that have low (2.4 to 2.8) dielectric con- 
stants have been reported to be highly 
insulating, resistant to moisture, mechanically 
strong, and thermally stable. These prop- 
erties were obtained partly by the incor- 
poration of fluorine atoms into the poly- 
mer backbones, in each case through 
either one or both of the diamine and dian- 
hydride monomer structures. 

Low-dielectric-constant fluorinated pol- 
yimides are soluble in common organic 
solvents. While their solubility is beneficial 
in some applications, it is severely detri- 
mental in others. A soluble polyimide can- 
not be used, for example, as a composite 
matrix resin in aircraft applications in 
which the polymer may come into con- 
tact with damaging hydraulic fluids and 
other chemical substances. Therefore, 
a process for making insoluble, low- 
dielectric-constant polyimides has been 
devised. 

In this process, insoluble, low-dielec- 
tric-constant polyimides are produced 
by combining the dianhydride of bis[4- 
(3,4-dicarboxyphenoxy) phenyl]perfluo- 
roisopropylidene (BFDA) with a fluori- 
nated aromatic diamine, each molecule 
of which contains at least one or more 
CF 3 groups. Fluorine atoms in the CF 3 
groups are present in both the dianhy- 
dride and diamine portions of the poly- 
mer repeat units. The figure shows the 
structural formula. 

These fully fluorinated polyimides have 
dielectric constants in the range of 2.4 
to 2.5 at 10 GHz. They are suitable for 
use as composite matrix resins in ad- 
vanced aerospace applications. In addi- 
tion, they have strong potential for use in 
the microelectronics industry, particularly 
as insulating resins in the production of 
printed-circuit boards. 

This work was done by Anne K. St. 
Clair, Diane M. StoakSey, and Burt R. Emer- 
son, Jr., of Langley Research Center For 
further information, write in 92 on the 
TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial devel- 
opment should be addressed to the 
Patent Counsel, Langley Research Center 
[see page 24], 

Refer to LAR- 1 4540. 



Fluorine Atoms in CF 3 Groups are contained in both the dianhydride and diamine por- 
tions of the polymer repeat unit. 
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Computer Programs 


COSMIC: Transferring NASA Software 

COSMIC. NASA'S Computer Software Management and Information Center, distributes software developed 
with NASA funding to industry, other government agencies and academia. 

COSMIC's Inventory Is updated regularly; new programs are reported m Tech Brie&.Fof additional information 
on any of the programs described here, write in the appropriate TSP number. 

If you don't find a program in this issue that meets your needs, cal COSMIC directly for a free review of pro- 
grams in your area of interest You can also purchase the annual COSMIC Software Catalog, containing descriptions 
and ordering information for available software. 

COSMIC is part of NASA's Technology Transfer Network 


COSMIC® — John A Gibson. Director. 

Phone (706) 542-3265; FAX (706 ) 542-4807 
The University of Georgia. 382 East Broad Street. 
Athens. Georgia 30602 


Computer Programs 

These programs may be obtained at a 
very reasonable cost from COSMIC, a 
facility sponsored by NASA to make 
computer programs available to the 
public. For information on program 
price, size, and availability, write in the 
reference number on the TSP and 
COSMIC Request Card in this issue. 



Mechanics 


Software for Three- 
Dimensional Stress and 
Thermal Analyses 

ST3D inplements the bound- 
ary element method. 

Lewis Research Center, 
Cleveland, Ohio 

BEST3D is an advanced engineering 
software system for three-dimensional 
thermal and stress analyses, particularly 
of components of the hot sections of 
gas-turbine engines. BEST3D utilizes 
the boundary element method, offering, 
in many situations, more accuracy, effi- 
ciency, and ease of use than does the 
more familiar finite element method. This 
software performs engineering analy- 
ses of the following types: elastic, heat 
transfer, plastic, forced vibration, free vi- 
bration, and transient elastodynamic. 

The fundamental representation re- 
quired in BEST3D is an approximation 
of the geometry, displacement, and 
traction on the surface of the structure 
being analyzed. In contrast, a three- 
dimensional finite element analysis 
requires approximation of both geome- 
try and displacement throughout the 


interior of the structure. Interior approxi- 
mations can be required in problems 
of certain types in BEST3D — espe- 
cially nonlinear analysis — but such 
interior discretizations need not be 
compatible with the primary surface 
discretizations. Isoparametric interpo- 
lation functions are used in BEST3D 
for both surface and interior mathe- 
matical modeling. 

In addition to the use of interior models 
based on isoparametric shape functions, 
two newly developed methods are avail- 
able in BEST3D for the approximation of 
volume effects: (1) the use of simply rec- 
tilinear cells in approximations of holes and 
hotspots and (2) the use of particular 
solutions to avoid any requirement of inte- 
rior modeling in thermoelastic and plas- 
tic analyses. 

A structure being analyzed in BEST3D 
can be broken into several subregions to 
improve computing efficiency and/or 
accuracy or to account for changes in ma- 
terials or relative motion between parts 
of the structure. A compatible surface 
discretization is required on the interface 
that connects two subregions. 

BEST3D input uses free-field format 
with different input data types identified 
by keywords. The input sections in- 
clude identification of the type of prob- 
lem, solution techniques, and output re- 
quirements; identification of properties of 
materials; definition of nodes and con- 
nectivity for all subregions; definition of 
subregion interface; and identification of 
boundary conditions, including mechani- 
cal boundary conditions, body forces, 
holes, and hot spots. 

BEST3D can provide various output 
quantities needed for evaluation of com- 
ponents of hot sections. These include, 
but are not limited to, nodal temperatures, 
fluxes, displacements, tractions, and stress- 
es. The specific output depends on the 
type of analysis and on the user’s request. 

BEST3D is written in FORTRAN 77 for 
CONVEX-series computers running CON- 


VEX OS v9.0 and Sun-series computers 
running SunOS v4.1. Although no bina- 
ries are included on the distribution 
medium, sample data and four UNIX 
shell scripts are provided. As distrib- 
uted, the shell scripts are intended to 
facilitate the installation and execution 
of BEST3D under SunOS; the BEST3D 
Implementation Guide explains how to 
modify these slightly for use on CON- 
VEX computers. BEST3D requires 10 
Mb of disk space and 7 Mb of random- 
access memory for execution. This 
package is available on a 0.25-in. (6.35- 
mm) streaming-magnetic-tape car- 
tridge in UNIX TAR format. BEST3D 
v3.0 was released in 1991. 

CONVEX is a trademark of CONVEX 
Computer Corp. Sun and SunOS are 
trademarks of Sun Microsystems, Inc. 
UNIX is a registered trademark of AT&T 
Bell Laboratories. 

This program was developed by P. 
K. Banerjee of State University of New 
York at Buffalo, R. B. Wilson of United 
Technologies Corporation, Pratt & Whitney 
Division, and D. A. Hopkins of Lewis 
Research Center. For further informa- 
tion, write in 14 on the TSP Request 
Card. 

LEW-15351 


Programs To Optimize 
Spacecraft and 
Aircraft Trajectories 

POST and 6D POST can 
be used to solve guidance 
and flight-control problems. 

POST/6D POST is a set of two com- 
puter programs, POST and 6D POST, that 
provide the ability to target and optimize 
trajectories of a powered or unpowered 
spacecraft or aircraft operating at or near 
a rotating planet. POST treats the point- 
mass, three-degree-of-freedom case. 
6D POST, a direct extension of POST, 
treats the more-general rigid-body, six- 
degree-of-freedom (with point masses) 
case. This package of software can be used 
to solve a variety of performance, guidance, 
and flight-control problems for atmospheric 
and orbital vehicles. 

The principal features of POST/6D 
POST include the capability to simulate 
up to 900 distinct trajectory phases (de- 
fined below) generalized mathematical 
models of planets and vehicles; modular 
packages of software that enable the 
high-fidelity simulation of aerodynamics, 
propulsion, and the like; and optimization 
capability that includes equality and in- 
equality constraints. Typical applications 
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Solutions are obtained 4x faster 
using symmetry conditions . 


element refinement, relative 
error detection, 3D symmetry 
conditions and a complete 
database manager give you 
the most advanced programs 
available anywhere. 


immediate productivity, where 
there is a significant learning 
curve involved in all FEM 
packages." 

Nicholas F. Campagna 

Consultant 


Customer Service 
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their speed of 
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with us on unique 
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JimAydelotte 

Magnetic ImmmKmtanon 


On-line help, full technical 
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edge of CAE design and 
analysis. 


Load a single diskette or tape 
onto your PC or workstation. 
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working on your own prob- 
lems. In just a week, even the 
most sophisticated 3D design 
solutions are yours. We give 
you our word. And so have 
our customers. 
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A CAE package that 
provides immediate 
productivity and 
saves prototyping 
dollars is very hard to 
find. With our line of 
fully integrated BEM 
electromagnetic simulation 
software, we can help. 


Each of our packages is 
designed around three basic 
principles: advanced technol- 
ogy, productivity and excep- 
tional customer service. 


Advanced Technology 

"I have analyzed literally hun- 
dreds of linear and non-linear 
electromechanical devices 
with IES software. It has 
become an invaluable tool to 
me, as it's so much easier to 
work with than FEM software. 
Unlike FEM, BEM software 
does not necessitate any re- 
griding of the problem when 
one medium is being rotated 
or translated with respect to 
another, which results in a 
significant time saving." 

Dr. Kent Davey 

Georgia Institute of Technology 

Progressive features like our 
automatic/adaptive boundary 



Torque vs. position curves for 
optimal motor design are readily 
calculated. 


Productivity 

"IES BEM programs have con- 
sistently outperformed the 
seven FEM packages I have 
evaluated in the past few 
years. The operator interface 
of IES programs allows for 


We have set up sample prob- 
lems for you to work through 
along with databases of 
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to conventional industry-spe- 
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to your solution with IGES 
geometry translators and 
parametric definitions. 
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of POST/6D POST include (1) computa- 
tion of performance or capability of a 
vehicle in ascent, on orbit, and during 
entry into the atmosphere, (2) simulation 
and analysis of guidai ice and flight-con- 
trol systems, (3) dispersion-type analyses 
and analyses of loads, (4) general-pur- 
pose six-degree-of-freedom simulation 
of controlled and uncontrolled vehicles, 
and (5) validation of performance in six 
degrees of freedom. 

The basic flexibility of the simulation is 
achieved by decomposing a trajectory 
into a logical sequence of simulation seg- 
ments, denoted as phases, which enable 
mathematical modeling of both the physi- 
cal and the nonphysical aspects of the 
simulation accurately and efficiently. Com- 
putational routines are categorized ac- 
cording to five basic functional elements. 
These elements are the Planet Module, 
the Vehicle Module, the Trajectory Sim- 
ulation Module, the Trajectory Auxiliary 
Calculations Module, and the Target- 
ing/Optimization Module. These routines 
are accessible in either of the programs 
within the software package, except as 
specified otherwise. 

The Planet Module implements an 
oblate-spheroid model, a gravitational 
model, an atmospheric model, and a winds 


model. The shape of the planet is oblate 
(i.e., nearly spherical in shape, with an 
equatorial diameter greater than or equal 
to the polar diameter). These models de- 
fine the environment in which the vehicle 
operates. 

The Vehicle Module implements the 
mass-properties, propulsion, aerodynam- 
ics, and aeroheating models. The Vehi- 
cle Module in POST includes its specific 
steering (guidance) model, and that in 6D 
POST contains an airframe model, a nav- 
igation-and-guidance model, an autopilot 
model, and a flight-controls model. These 
models define the basic vehicle-simula- 
tion characteristics. 

The mass-properties model provides for 
a variety of descriptions of the weight of 
the vehicle. The weights of the vehicle 
and propellant, for example, can be 
described according to stage weight, 
propellant weight, payload weight, jetti- 
son weight, and propellant consumed. 

The propulsion model contains thrust 
and flow-rate equations for rocket, jet, 
and ramjet engines and can simulate as 
many as 15 types of engines per phase. 
The gimbal angle of each engine can be 
either preprogrammed or calculated to 
balance the static moment equations. 

The aerodynamic model enables the 


aerodynamic coefficients to be defined in 
terms of either axial and normal force or 
drag and lift force. 

The aeroheating model contains both 
laminar and turbulent heating-rate options. 
The standard Chapman stagnation-point 
equation, which is generally used for lam- 
inar flow, can be modified by tabular input 
and used for turbulent flow. 

The steering (guidance) model of POST 
controls the attitude of the vehicle during 
the simulation of the trajectory, and it is 
extremely flexible. The general types of 
steering options that are available are (1) 
body rates, (2) aerodynamic angles, (3) 
inertial Euler angles, and (4) relative Euler 
angles. 

The sensor, navigation, guidance, and 
controls models, along with the autopi- 
lot model, are specific to the 6D POST 
portion of the software package, and 
work together to perform functions with- 
in the Vehicle Module. 

The sensor model computes informa- 
tion that describes the behavior of the 
sensing elements of the navigation sys- 
tem of the vehicle. Sensor models called by 
this module necessarily depend on the 
vehicle and its subsystems. As a conse- 
quence, the sensor model must be de- 
signed and implemented for each par- 
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The new HP DesignJet 200 
monochrome inkjet plotter 
makes fast plotting affordable 
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It’s true. For about the price of the 
average pen plotter, the HP DesignJet 
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ticular application. 

The navigation model estimates the 
state (position, velocity, and the like) of the 
vehicle on the basis of the outputs of 
sensors. This module also depends on the 
subsystems and vehicle and must be 
designed and implemented for each spe- 
cific application. 

The guidance model takes the output 
of the navigation model and computes 
a guidance command. Typically, the 
guidance command represents a desired 
change in the existing attitude of the 
vehicle. 

The autopilot is designed to remove 
the errors between the command values 
of the guidance variables and their actual 
(or sensed) values. This is accomplished 
by deflecting engines, adjusting control 
surfaces, and/or firing reaction-control- 
system jets. 

The controls model converts pitch, 
yaw, and roll autopilot commands into 
engine gimbal angles and/or deflection 
angles of aerodynamic control surfaces. 

The Trajectory Simulation Module con- 
sists of the event-sequencing module 
that controls the cycling of the program, 
table-interpolation routines, and several 
standard numerical-integration routines 
that are used to solve the equations of 


translational and rotational motion 
numerically. 

The Trajectory Auxiliary Calculations 
Module calculates such output data as 
parameters of conic sections, ranges (that 
is, distances), and auxiliary values of po- 
sition, velocity, and attitude. 

The Targeting/Optimization Module 
provides a general discrete-parameter 
iteration capability. The user can select 
the optimization variable, the dependent 
variables, and the independent variables 
from a list of more than 400 program 
variables. 

The documentation includes a trou- 
bleshooting guide that contains error 
messages. The POST documentation also 
contains three sample problems: (1) as- 
cent, (2) entry, and (3) orbital maneuvers. 
The documentation supplied at the base 
price applies to POST only. The docu- 
mentation for 6D POST is available sep- 
arately at a price of $138. There is a 
great deal of overlap in the documen- 
tation for POST and 6D POST; how- 
ever, users who are specifically inter- 
ested in 6D POST may want to 
purchase the documentation for 6D 
POST first. This version of the programs 
was completed in 1990. 

POST and 6D POST are written in 


FORTRAN 77 and C language. Two ma- 
chine versions are available: one for the 
SUN-series computers running SunOS 
(LAR-1 487 1 ) and one for Silicon Graphics 
IRIS computers running the IRIX operat- 
ing system (LAR-1 4869). Both programs 
require 7 Mb of random-access mem- 
ory for execution. The standard distribution 
medium for POST/6D POST is a 0.25-in. 
(6.35-mm) streaming-magnetic-tape car- 
tridge in UNIX tar format. It is available 
for use by United States citizens only. 

Sun and SunOS are trademarks of Sun 
Microsystems, Inc. Silicon Graphics, IRIS, 
and IRIX are trademarks of Silicon Graph- 
ics, Inc. UNIX is a registered trademark 
of AT&T Bell Laboratories. 

This program was written by G. L. 
Brauer, F. M. Petersen, D. £ Cornick, 
Ft. Stevenson, and D. W. Olson of Mar- 
tin Marietta Corp. for Langley Research 
Center 

For further information on LAR-1 4869, 
write in 61 on the TSP Request Card. 

For further information on LAR- 14871, 
write in 49 on the TSP Request Card. 
LAR-1 4869/LAR-1 4871 


To the people. 



system makes the HP DesignJet 200 
ideal for any office environment. And 
with the addition of legs, the DesignJet 
200 converts from a desktop to a free- 
standing plotter. 


So get the plotter that saves you as 
much time as it does money. Call 
1-800-851-1170, Ext 7720 for the loca- 
tion of your local HP demo dealer.’ 


¥hp I HEWLETT® 
mLftM PACKARD 

©1993 Hewlett-Packard Company *E-size model priced at Just 
$4,696 Suggested U5. list prices. Price does not include optional 
legs and bin. Plot images courtesy of Autodesk. Inc. *ln Canada, 
cafl 1-800-387-3867, Ext 7720 PE 123 16 
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Machinery 


Program Analyzes 
Performance of a Wind 
Tunnel 

WT computes power and 
thrust from velocity and geo- 
metrical inputs. 

The WT computer program was de- 
veloped to calculate the rotor power re- 
quired by, and the output thrust pro- 
duced by, the fan in a closed-loop wind 
tunnel. The program uses blade-ele- 
ment theory to calculate aerodynamic 
forces along each blade of the fan: more 
specifically, it uses airfoil lift and drag 
characteristics at an appropriate blade 
aspect ratio. A tip-loss mathematical 
model that is also included reduces the 
lift coefficient to zero at the outer 3 per- 
cent of the blade radius. 

Momentum theory is not used to 
determine the axial velocity at the rotor 
plane. Unlike a propeller, the wind tunnel 
rotor is prevented from producing an in- 
crease in velocity in the slipstream. Instead, 
velocities at the rotor plane are used as 
input. Other input for WT includes speed 
of rotation, geometry of the rotor, and 
characteristics of the airfoil. Inputs for 
rotor-blade geometry include the radius 
of a blade, radius of the hub, number of 
blades, and pitch angle. Airfoil aerody- 
namic inputs include angle at zero lift 
coefficient, positive stall angle, drag co- 
efficient at zero lift coefficient, and drag 
coefficient at stall. 

WT is written in APL2 by use of IBM's 
APL2 interpreter for IBM PC-series and 
compatible computers running MS- 
DOS. WT requires a CGA or better color 
monitor for display. It also requires 640K 
of random-access memory and MS- 
DOS v3.1 or later for execution. Both an 
MS-DOS executable code and the 
source code are provided on the distri- 
bution medium. The standard distribution 
medium for WT is a 5.25-in. (13.34-cm), 
360K MS-DOS-format diskette in PKZIP 
format. The utility program to unarchive 
the files, PKUNZIP, is also included. WT 
was developed in 1991. 

APL2 and IBM PC are registered trade- 
marks of International Business Machines 
Corp. MS-DOS is a registered trademark 
of Microsoft Corp. PKUNZIP is a regis- 
tered trademark of PKWare, Inc. 

This program was written by L. A. 
Viterna of Lewis Research Center 
For further information, write in 46 on 
the TSP Request Card. 

LEW- 15534 


Program Computes 
Performances of 
Scramjets 

SRGULL was composed from 
five prior codes to 
provide enhanced capability 
for analysis. 

The development of a single-stage- 
to-orbit aerospace vehicle intended to 
be launched horizontally into low orbit 
around the Earth, like the National Aero- 
Space Plane (NASP), has concentrated 
on the use of the supersonic combus- 
tion ramjet (scramjet) propulsion cycle. 
SRGULL, a scramjet-cycle-analysis com- 
puter code, is an engineer’s software 
tool capable of nose-to-tail simulation of 
a hydrogen-fueled, scramjet engine inte- 
grated with an air-frame. The simulated 
flow is that of a real gas with equilibrium 
thermodynamic properties. This program 
facilities initial estimates of the perfor- 
mance of the scramjet cycle by linking a 
code for a two-dimensional forebody, 
inlet, and nozzle with the code for a one- 
dimensional combustor. 

Five computer codes (SCRAM, 
SEAGUL, INLET, Program HUD, and 
GASH) originally developed at NASA Lan- 
gley Research Center in support of 
hypersonic technology are integrated in 
this program to provide the capability for 
analysis of changing flow conditions. The 
one-dimensional combustor code is 
based on the combustor subroutine from 
SCRAM, and the two-dimensional code 
is based on an inviscid-flow Euler pro- 
gram (SEAGUL). Input data on kinetic- 
energy efficiency for mathematical mod- 
eling that involves variation of sidewall 
area can be calculated by the INLET pro- 
gram code. At the completion of analy- 
sis of the inviscid component, Program 
HUD, and integral boundary-layer code 
based on the Spaulding-Chi method, is 
applied to determine the coefficient of 
friction, which is then used in modified 
Reynolds analogy to calculate the trans- 
fer of heat. 

The properties of flowing real gas — 
e.g., composition, enthalpy, entropy, and 
density — are calculated by the subrou- 
tine GASH. Input conditions for the com- 
bustor are taken from one-dimensional- 
izing the two-dimensional inlet exit flow. 
The SEAGUL portions of this program 
are limited to supersonic flows, but the 
combustor (SCRAM) section can han- 
dle supersonic and dual-mode opera- 
tion. The computations of SRGULL have 
been compared to measurements taken 
in scramjet engine tests with excellent 
results. 

SRGULL was written in FORTRAN 77 


on an IBM-PC-compatible computer, 
using IBM’s FORTRAN/2 or Microway’s 
NDP386 F77 compiler. The program 
interacts fully with the user but can also 
run in batch mode. It operates under the 
UNIX, VMS, NOS, and DOS operating 
systems. Because of requirements on 
the sizes of blocks and segments, the 
source code is not directly compatible 
with all PC compilers (e.g., Lahey or 
Microsoft FORTRAN). SRGULL exe- 
cutable code requires about 490K of ran- 
dom-access memory and a math 
coprocessor on a PC. The SRGULL pro- 
gram was developed in 1 989, although 
the component programs originated in 
the 1960’s and 1970’s. 

IBM, IBM PC, and DOS are registered 
trademarks of International Business 
Machines. VMS is a registered trade- 
mark of Digital Equipment Corp. UNIX is 
a registered trademark of Bell Laborato- 
ries. NOS is a registered of Control Data 
Corp. 

This program was written by J. T. Wal- 
ton of Lewis Research Center and S. Zane 
Pinckney of NASA Langley Research 
Center. For further information, write in 
137 on the TSP Request Card. 
LEW-15093 


Mathematics and 
Information Sciences 


Transportable 
Applications Environment 
Plus, Version 5.1 

Users can construct custom 
interfaces for their own appli- 
cation programs. 

Transportable Applications Environ- 
ment Plus (TAE+) is a computer pro- 
gram that provides an integrated, portable 
programming environment for develop- 
ing and running application programs 
based on interactive windows, text, and 
graphical objects. TAE+ enables both 
programmers and nonprogrammers to 
construct their own custom application 
interfaces easily and to move those inter- 
faces and application programs to different 
computers. When used companywide for 
a wide range of application programs, 
TAE+ can be used to define a corporate 
user interface, with noticeable improve- 
ments in application developer’s and 
end user’s learning curves. 

The main components of TAE+ are 
(1) the WorkBench, a What You See Is 
What You Get (WYSIWYG) software tool 
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and it’s FREE! 


Just send in the attached card today 
to reserve your copy of our new 1993-1994 
catalog! This indispensable resource 
contains 1536 pages filled with | 

more than 35,000 quality products. 


Cole-Parmer® 

Parmer Instrument Company 


Instruments for Research, Industry, and Education 


A Few Good 
Reasons to 
Order Our 
New 1993-94 
Catalog . . . 


■ Reason One: 

A Wide Range 
of Products 

If you work in Research. 
Industry, or Education, you 
need the new Cole-Parmer 
1993-94 Catalog! You'll 
find 1536 pages featuring 
more than 35,000 
quality products. 

■ Reason Two: 

Quality Service 

Cole-Parmer is dedicated 
to providing you with 
quality service. You’ll 
receive helpful assistance 
whenever you call our 
Application Specialists, 
our Sales Staff, or our 
Customer Satisfaction 
Associates. 


■ Reason Three: 


It’s More than 
Just a Catalog 

The Cole-Parmer catalog 
contains information that 
you can use every day- 
application tips, technical 
information, conversion 
tables, and extensive 
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for the design and layout of a user inter 
face; and (2) the WPT (Window Pro- 
gramming Tools) Package, a set of callable 
subroutines that control the user interface 
of an application program. 

The WorkBench enables the devel- 
oper of an application program to con- 
struct the layout of the display screen of 
the application program interactively by 
manipulating a set of interaction objects, 
including such input items as menus, 
buttons, icons, and scrolling text lists. Also 
included are such data-driven graphi- 
cal objects as dials, thermometers, and 
strip charts, which TAE+ updates as the 


values of the data change. The person 
using the WorkBench specifies the win- 
dows and interaction objects that will 
make up the user interface, then speci- 
fies the sequence of the user-interface dia- 
logue. The description of the designed user 
interface is then saved in resource files. 
The WorkBench also generates source 
code [C, Ada, C++, and TAE Command 
Language (CL)] that fully controls the 
user interface of the application program 
through function calls to the WPT’s. 

The WPT’s are the run-time services 
used by application programs to display 
and control the user interfaces. Inas- 


much as the WPT's access the Work- 
Bench-generated resource files, such 
details as color, font, location, and type 
of object remain independent from the 
application code; this makes it possible 
to change the user interface without 
recompiling and relinking. 

In addition to WPT’s, TAE+ offers con- 
trol of interaction objects from an inter- 
preted TAE Command Language. TCL 
provides a means fa the more experienced 
developer to develop a prototype of an 
application's user interface of the interaction 
objects of TAE+ and add programming 
logic without the overhead of compiling 
or linking. 

TAE+ uses (1) Release 4 of Version 1 1 
of the X Window System of Massachu- 
setts Institute of Technology and (2) the 
Motif Toolkit 1.1 or 1.1.1 of the Open Soft- 
ware Foundation. The WorkBench and 
WPT’s are written in C++, and the remain- 
ing code is written in C. TAE+ is available 
by license for an unlimited time. The 
licensed program product includes the 
TAE+ source code and one set of sup- 
porting documentation. Additional doc- 
umentation may be purchased sepa- 
rately. Recommended minimum memory 
is 12 Mb, and 49 Mb are required in 
disk space to load the TAE+ tar-format 
tape. Each magnetic tape through which 
TAE+ is delivered to a particular computer 
includes prebuilt software libraries and exe- 
cutable binary code for that particular com- 
puter, as well as source code, so that 
users do not have to perform installation. 
A user who wishes to recompile the 
source code will need both a C compil- 
er and Version 1 .39 or a later version of 
GNU's C++, or else a C++ compiler 
based on AT&T 2.0 cfont. Interviews 
and idraw, two software packages devel- 
oped by Standford University, are inte- 
grated into TAE+. TAE+ was developed 
in 1989, and Version 5.1 was released in 
1991 . TAE Version 5.2 is an enhanced 
release of Version 5.1 and will be avail- 
able in January 1 993. 

TAE+ is currently available on media 
suitable for eight different computers; 

(1) DEC VAXstations running ULTRIX 

4. 1 or later (TK50 cartridge in tar format), 

(2) DEC RISC workstations running 
ULTRIX 4.1 or later (TK50 cartridge in tar 
format), (3) Sun3 series running SunOS 

4.1 .1 [on 0.25-in. (6.35-mm) tape cartridge 
in tar format], (4) Sun 4 (SPARC) series 
running SunOS 4.1 .1 [On 0.25-in. (6.35- 
mm) tape cartridge in tar format], (5) HP 
9000/300 running HP-UX 8.0. (1 6-track 
cartridge tape in tar format), (6) HP 
9000/700 running HP-UX 8.05 (4-mm 
data-grade cartridge tape in tar format), 
(7) VAX running VMS 5.4 (TK50 car- 
tridge in VMS backup format), and (8) Sil- 
icon Graphics running IRIX 4.0.1 [on 
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GET 

FLOW CHARTING 3 


If team members drag their feet when it 
comes to creating flowcharts, you need 
Flow Charting 3. Its straightforward, no- 
nonsense approach makes it easy to 
learn, yet powerful to use. 

A must in today's competitive world, flow- 
charts are essential to documenting, 
steamlining, and improving processes 
and procedures. Flow Charting 3 lets you: 

■ Chart fast with "Hot-Keys" or mouse 

■ Put shapes, lines and text anywhere 
you want them 

■ Create unlimited custom shapes 

■ Print boardroom perfect charts on dot 
matrix and laser printers 

■ Access context-sensitve, on-line help 

■ Use on a LAN— share files, set up 
work groups, access usage reports 

■ Import and export between other 
popular programs 

And Flow Charting 3 is backed with 
unparalleled post-buy support including 
free unlimited technical support, free sub- 
scription to "The Flow Charter™", access 
to valuable flowcharting resources, and a 
full 90-day, no-risk guarantee. 

See your dealer today, or for a full 
interactive demo disk, call now: 

800-525-0082 Ext. 283 

Patton ^Patton 


Excellence in charting the flow of ideas! 

485 Cochrane Cifde. Morgan Mil. CA 95037-9932 408-778-6557 Fax: 408-778-9972 
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0.25 in. (6.35-mm) tape cartridge in tar 
format]. An optional Motif Object Code 
license is available for either Sun ver- 
sion. 

TAE is a trademark of the National 
Aeronautics and Space Administration. X 
Window System is a trademark of the 
Massachusetts Institute of Technology. 
Motif is a trademark of the Open Software 
Foundation. DEC, VAX, VMS, and ULTRIX 
are trademarks of Digital Equipment Corp. 
Sun3, Sun4, SunOS, and SPARC are 
trademarks of Sun Microsystems, Inc. 

This program was developed by the 
Data Systems Technology Division of 
Goddard Space Flight Center For fur- 
ther information, write in 4 on the TSP 
Request Card. 

GSC-13445 

Software for Nearly 
Optimal Packing of Cargo 

PACKMAN attempts to 
satisfy multiple objectives in 
utilizing the available space. 

PACKMAN is a computer program used 
to find nearly optimal arrangements of 
cargo items in storage containers, sub- 
ject to such multiple packing objectives 
as utilization of the volumes of containers, 
utilization of containers up to the limits on 
their weights, and other considerations. 
Determining how to pack cargo into a 
three-dimensional space of limited size 
while considering additional constraints is 
a very difficult combinatorial optimization 
problem faced in several areas of industry. 
Traditionally, deciding how to arrange a 
set of cargo has been determined by 
human experts, who must assess the 
characteristics of the set of cargo to be 
loaded and the constraints placed upon 
its loading. As the number and complexity 
of these constraints grow to more than a 
few, human experts may have difficulty 
or fail in finding nearly optimal solutions. 

PACKMAN allows a user to specify a 
single rectangular container of arbitrary 
length, width, and height, along with a set 
of cargo items, each of arbitrary rectan- 
gular dimensions and with specified char- 
acteristics, that the user intends to at- 
tempt to pack into the container. The user 
is also allowed to specify the criteria for 
packing and the degree of importance 
placed on each criterion. 

The automatic packing algorithm em- 
ployed by PACKMAN attempts to find the 
best positioning of those cargo items in 
the container, such that the volume and 
weight capacity of the container are both 
utilized to the maximum extent possi- 
ble. The problem of packing N cargo 
items into a container subject to con- 


straints is in the class of nonlinear mul- 
tidimensional knapsack- and bin-pack- 
ing problems, which are well known to 
be A/P-complete. As the number of items 
N increases, the number of possible so- 
lutions grows so large that determination 
of the optimal solution becomes infeasi- 
ble. Thus, the best packing solution found 
by the automated algorithm of PACK- 
MAN for a particular combination of car- 
go items and container is not guaran- 
teed to be the optimal solution; however, 
the problem-soMng method that PACK- 
MAN uses, known as simulated anneal- 
ing, generates solutions that are usually 


within 2 to 3 percent of optimal. 

PACKMAN is written in Common LISP 
for Macintosh computers running Sys- 
tem 6.0.3 or higher, and requires version 
1.3.2 of Macintosh Allegro Common Lisp 
for execution. This program will not run un- 
da version 2.0 of Macintosh Allegro Com- 
mon Lisp without modification. PACK- 
MAN requires 4 Mb of random-access 
memory and 1 Mb of disk memory. The 
PACKMAN source code uses Xerox’s 
Portable Common Loops object-orient- 
ed USP extensions, with permission from 
Xerox. All source code for the PACKMAN 
program is included (source code for 
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Whether you're acquiring data from a car, 
lab, or oil well, lOtech's DaqBook" data 
acquisition systems for notebook PCs are the 
most compact solutions available. Battery 
or AC operable, the 8K" x 1 1" x Ilf 
DaqBooks fit neatly beneath your 
notebook PC. What's more, they 
offer bidirectional communication 
at >700 Kbytes/s via your PC's 
parallel port. 

Our DaqBook family Includes 
signal condition- 
ing cards for mea- 
suring thermocou- 
ples, strain gages, 
and other trans- 
ducers. 

All 

DaqBook models 
include DaqView2" 

Microsoft* Windows"- 
based data-logging 
application; Windows 
DLLs for Visual Basic" and 
C; and DOS drivers for 
Quick Basic", C, and Pascal. 

Snap-Master", Labtech 
Notebook", and LabVIEW* 


support are also available. 

Contact us today for your 
free DaqBook family data 
sheet and Snap-Master" 
for Windows" demo disk. 


Analog Inputs: 

• 12- or 16-bit A/D 

• 8 DE or 16 SE channels, expandable up to 256 

• 1 00K sample/s continuous throughput to PC 

• 512-location randomly programmable chan- 
nel/gain sequencing, 10 ps/channel 

• Analog & digital triggering 

• Many transducer option cards 
Analog Outputs: 

• Two 12-bit D/A converters 
Digital 1/0: 

• 24 programmable I/O lines, expandable to 192 

• Sixteen 100 kHz digital input lines 

Frequency/pulse I/O: 

• Five 16-bit programmable counter/timers, up 
to 7 MHz operation 


(216) 439-4091 • Fax (216)439-4093 


lOtech, Inc. 

25971 Cannon Road • Cleveland, Ohio 44146 
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Portable Common Loops, however, is 
not provided). The standard distribution 
medium for PACKMAN is a set of two 
3.5-in. (8.89-cm), 800K Macintosh 
diskettes. An electronic copy of the doc- 
umentation in Microsoft Word format is 
included on the distribution medium. 
PACKMAN was released in 1991. 

Allegro Common Lisp is a registered 
trademark of Franz, Inc. Macintosh is 
a trademark of Apple Computer, Inc. 
Microsoft Word is a trademark of 
Microsoft Corp. 

This program was written by Theron 
R. Fennel and Rodney S. Daughtrey of 
Boeing Computer Services Co. and 
Doug G. Schwaab of Boeing Aerospace 
& Bectronics Co. for Marshall Space 
Flight Center. For further information, 
write in 34 on the TSP Request Card. 
MFS-28700 

TOAD Gateway 

This program changes 
formats of data files. 

The Transferable Output ASCII Data 
(TOAD) computer program (LAR- 
13755), implements a format that is 
designed to facilitate the transfer of 
data across communication networks 
and dissimilar host computer systems. 
Any data file that conforms to the 
TOAD format standard is called a 
TOAD file. The TOAD Gateway is an 
interactive software tool for converting 
data files (particularly those in TOAD 
format) to and from a variety of file for- 
mats. The TOAD Gateway currently 
reads and writes the following file for- 
mats: TOAD; Standard Interface File 
(SIF); Program to Optimize Simulated 
Trajectories (POST) input; Comma 
Separated Value and Tab Separated 
Value, common in PC and Macintosh 
spreadsheet and database packages; 
and a general free format. Additional 
modules for accommodating other for- 
mats are easily developed and 
installed. 

The TOAD Gateway asks the user a 
few questions and accepts a variety of 
English answers, thereby serving the new 
or occasional user as an understand- 
able and convenient software tool for 
basic management of data. Upon 
opening an incoming data file, the TOAD 
Gateway automatically determines its 
format and "plugs in” the appropriate 
in-terpreter. This feature is particularly 
beneficial when working with a data file 
that is in an unknown format. A com- 
panion program, the TOAD Editor (LAR- 
14423), manipulates the contents of 
TOAD files and extracts selected sub- 


sets of data. 

The TOAD Gateway is written in 
FORTRAN 77 for interactive execution 
on workstations of the CONVEX C, 
Sun3 and Sun4, Silicon Graphics 4D 
and Personal IRIS, and DEC ULTRIX 
and VAX/ VMS series, all with little or no 
modification. The TOAD Gateway 
requires 0.5Mb of random-access 
memory for execution, though increas- 
ing the capacities of the TOAD 
Gateway will require additional 
memory. The standard distribution 
medium for the TOAD Gateway is a 
0.25-in. (6.35-mm) streaming-magnet- 
ic-tape cartridge in UNIX tar format. It 
is also available in DEC VAX BACKUP 
format on either a 9-track, 1,600-bit/in. 
(630-bit/cm) magnetic tape or a TK50 
tape cartridge. The TOAD Gateway was 
developed in 1990. 

CONVEX is a trademark of CONVEX 
Computer Corp. Sun3 and Sun4 are 
trademarks of Sun Microsystems, Inc. 
DEC, VAX, VMS, and ULTRIX are 
trademarks of Digital Equipment Corp. 
Silicon Graphics 4D, IRIS 4D, and 
Personal IRIS are trademarks of Silicon 
Graphics, Inc. UNIX is a registered 
trademark of AT&T Bell Laboratories. 

This program was written by Bradford 
D. Binge I of Computer Sciences Corp. 
for Langley Research Center For 
further information, write in 72 on the 
TSP Request Card. 

LAR- 14484 



Physical Sciences 


Program Predicts 
Microstructural 
Changes in Materials 

MCFET combines a 
Monte Carlo procedure 
with a finite-element 
technique to model 
microstructural evolution. 

The MCFET computer program, 
named for combined Monte Carlo 
Finite Element Technique, implements 
a specialized microstructural-lattice 
simulation technique. MCFET has been 
developed to simulate microstructural 
evolution in material systems in which 
modulated phases occur and the 
directionality of the modulation is influ- 
enced by internal and external stresses. 

Because many of the physical prop- 
erties of materials are determined by 


microstructure, it is important to be 
able to predict and control microstruc- 
tural development. The microstructur- 
al-lattice model in MCFET can incorpo- 
rate all relevant driving forces and 
kinetic considerations. Unlike the mole- 
cular-dynamics programs, this pro- 
gram was developed specifically to 
predict macroscopic behavior, not 
atomistic behavior. 

In this approach, the microstructure 
is discretized into a fine lattice. Each 
element in the lattice is labeled in 
accordance with its microstructural 
identity. Diffusion of material at high 
temperatures is simulated by allowing 
exchanges of neighboring elements 
where and when the exchanges lower 
the total energy of the system. A Monte 
Carlo approach is used to select the 
exchange site while the change in 
energy associated with stress fields is 
computed by use of a finite-element 
technique. 

The MCFET method has been vali- 
dated by comparing it with a closed- 
form, analytical method for stress-as- 
sisted changes in the shape of a single 
particle in an infinite matrix. Sample 
MCFET analyses for multiparticle prob- 
lems have also been run, and, in gener- 
al, the resulting microstructural changes 
associated with the application of an ex- 
ternal stress are similar to those ob- 
served in Ni/Al/Cr alloys at high tem- 
peratures. 

This program is written in FORTRAN 
for use on a 370-series IBM mainframe 
computer. It has been implemented on 
an IBM 370 computer running VM/SP 
and an IBM 3084 computer running 
MVS. It requires the IMSL math library 
and 220K of random-access memory 
for execution. The standard distribution 
medium for this program is a 9-track, 
1,600-bit/in. (630-bit/cm) magnetic 
tape in EBCDIC format. 

This program was written by J. 
Gayda of Lewis Research Center 
and D. J. Srolovitz of University of 
Michigan. For further information, write 
in 55 on the TSP Request Card. 
LEW-14805 


Free Advertisement 
in NASA’S Report 
SPINOFF 

If you have successfully 
transferred/applied NASA technology 
to the development of a commercially 
available product/service, we can pre- 
sent your story in a future issue of the 
annual report SPINOFF. For more 
information write in #480. 
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WE'VE EXAGGERATED HOW MUCH 
CALCULATING POWER IS IN NEW MATHCAD PLUS 5 . 0 . 

BUT ONLY SLIGHTLY. 


It gives you more advanced 
math capability than ever before. It 
lets you tackle harder problems and 
solve even tougher equations. In short, 
it’s the most powerful, most advanced 
version of Mathcad’ ever released. 

And that’s no exaggeration. More 
powerful than spreadsheets or calculators, 
easier than programming languages, new 
Mathcad PLUS 5.0 gives engineers, scientists 
and educators more tools to do calculations 
with greater speed and ease. 

You get more functionality for computing 
derivatives and integrals, differential equations, advanced 
vector and matrix operations, statistical functions, curve 
fitting, and fast Fourier and wavelet transforms. You can 
choose from a wider range of symbolic capabilities, and 

graph in 2-D and 3-D 
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Mathcad PLUS 5.0’s on-screen worksheet lees 
you easily combine equations, text and gral>lucs. 


polar, contour and para- 
metric plots. MathSoft’s 
Electronic Books, based 
on the most popular ref- 
erence books, let you 
instantly cut and paste 


hundreds of formulas into your work. And with Mathcad 
PLUS Function Packs you can add even more remarkable 


calculating power in specific dis- 
ciplines like signal processing, data 
analysis, statistics and graphics. 

Plus, like its Mathcad predeces- 
sors, it’s as easy and intuitive as using a 
scratchpad. Simply enter equations in 
real math notation anywhere on Mathcad 
PLUS 5.0’s on-screen worksheet. Add text 
and graphics. Change variables and instantly 
update your work. Mathcad PLUS 5.0 calculates 
answers quickly and accurately, then prints your 
results in impressive, presentation-quality documents. 
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Mechanics 


Actuator Exerts Tensile or Compressive Axial Load 

A shearpin limits the load. 

Marshall Space Flight Center, Alabama 

A compact, manually operated me- 
chanical actuator applies a controlled, 
limited tensile or compressive axial force. 

The actuator is designed to apply loads 
to bearings during wear tests in a clean 
room. It is intended to replace a hydraulic 
actuator that is bulky and difficult to use, 
requires periodic maintenance, and poses 
the threat of leakage of hydraulic fluid, 
which can contaminate the clean room. 

The actuator rests on a stand and im- 
parts axial force to a part attached to a 
clevis inside or below the stand (see fig- 
ure). A technician turns a control screw 
at one end of a lever. Depending on the 
direction of rotation of the control screw, its 
end of the lever is driven downward (fa com- 
pression) a upward (fa tension). The lever 
pivots about a clevis pin at the end oppo- 
site that of the control screw; this motion 
drives downward a upward a link attached 
via a shearpin at the middle of the leva. 

The link drives a coupling and, through it, 
the clevis attached to the part to be loaded. 

The control screw has a fine thread so 
that a large adjustment of the screw pro- 
duces a relatively small change in the 
applied force. With the help of a load 
cell that measures the applied load, the 
technician can control the load to within 
±10 lb. (45 N). An estimated input torque 
of only 40 to 50 lb-in. (4.5 to 5.6 N-m) is 
needed to apply the maximum allow- 
able load of 2,550 lb (11.34 kN). 

The shearpin at the middle of the lever 
breaks if a force greater than 2,800± 200 
lb (12.45±0.89 kN) is applied in tension 
or compression, thus protecting the 
stressed part from overload. The shear- 
pin is made of a maraging steel, which is 
chosen because it fails more predictably 
and cleanly in shear than other alloys do 
and is strong in small pin diameters. 

Batches of pins are made from the same 
raw stock to ensure that all fail at or near 
the same load. 

This work was done by John Nozzi and 
Cuyier H. Richards of Rockwell In- 
ternational Corp. for Marshall Space 
Flight Center. For further information, 
write in 65 on the TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be 
addressed to the Patent Counsel, Marshall This Mechanical Actuator applies an axial load to a test specimen inside or under 
Space Flight Center [see page 24] i,s s,and - 

Refer to MFS-29912. 
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Six-Degree-of-Freedom Parallel Minimanipulator 

Advantages include greater stiffness and relative simplicity. 

Goddard Space Flight Center, Greenbelt, Maryland 


Figure 1 illustrates schematically a six- 
degree-of-freedom manipulator that pro- 
duces small, precise motions and that 
includes only three inextensible limbs 
with universal joints at their ends. The 
limbs have equal lengths and can be 
said to act in parallel in that they share 
the load on a manipulated platform. The 
mechanism is therefore called a “six- 
degree-of-freedom parallel minimanipu- 
lator.” The minimanipulator is designed to 
provide high resolution and high stif- 
fness (relative to the other mechanisms) 
for fine control of position and force in a 
hybrid serial/parallel-manipulator system. 

Most of the six-degree-of-freedom 
parallel manipulators that have been pro- 
posed in the past contain six limbs, 
and their direct kinematic analyses are 
very complicated. In contrast, the 
equations of the direct kinematics of 
the present minimanipulator can be 
solved in closed form. Furthermore, in 
comparison with a typical six-degree- 
of-freedom parallel manipulator, the 
present minimanipulator can be made 
of fewer parts, the probability of 
mechanical interference between its 
limbs is smaller, its payload capacity 
can be made greater, and its actuators, 
which are base-mounted, can be made 
smaller. 

The upper ends of the limbs are 
connected to the manipulated platform 
by universal (two-degree-of-freedom) 
joints. The lower end of each limb is 
connected via a universal (two-degree- 
of-freedom) rotary joint to a two- 
degree-of-freedom driver. The drivers 
are mounted directly on the baseplate, 
without any intervening power-transmis- 
sion devices, like gears or belts, that 
could reduce stiffness and precision. 

The position and orientation of the 
manipulated platform is governed 
uniquely, in all six degrees of freedom, 
by the positions of the drivers on the 
baseplate. Examples of two-degree-of- 
freedom drivers include bidirectional lin- 
ear stepping motors, x-y positioning 
tables, five-bar linkages driven by rotary 
actuators, and pantographs. Figure 2 
shows an example of a baseplate 
equipped with pantograph drivers. The 
position of each universal joint C, 
(where / = 1, 2, or 3) is controlled by 
moving either or both of sliders A, and 
Bj in their respective guide slots. The 
displacement reduction provided by the 
pantograph linkage and the inextensible 
limbs is equivalent to an increase in 



Figure 1. The Six-Degree-of-Freedom Parallel Minimanipulator is stiffer and simpler 
than earlier six-degree-of-freedom manipulators, partly because it includes only three 
inextensible limbs. 



Figure 2. 

Three 

Pantographs 
on the 
Baseplate 

control the 
positions of 
the universal 
joints at C, 
and thereby 
control the 
position and 
orientation 
of the 

manipulated 

platform. 


mechanical advantage; it increases the 
stiffness and resolution available at the 
manipulated platform. 


This work was done by Farhad 
Tahmasebi and Lung- Wen Tsai of 

Goddard Space Flight Center For 


74 


NASA Tech Briefs, February 1994 



further information, write in 9 on the TSP Request Card. 

This invention is owned by NASA, and a patent application 
has been filed. Inquiries concerning nonexclusive or exclusive 
license for its commercial development should be addressed 
to the Patent Counsel, Goddard Space Flight Center [see 
page 24], 

Refer to GSC- 13485. 


Estimating Fluctuating 
Pressures From Distorted 
Measurements 

Algorithms compensate for effects of 
pneumatic tubes. 

Ames Research Center, Moffett Field, California 

Two algorithms extract estimates of time-dependent 
input (upstream) pressures from the outputs of pressure 
sensors located at the downstream ends of pneumatic 
tubes. Typically, the input end of such a pneumatic tube lies 
exposed on the surface of a wind-tunnel model, aircraft, tur- 
bomachine part, or other object immersed in a flow, and the 
tube leads through the interior of the object to a pressure 
transducer at a protected location. The algorithms effect 
deconvolutions that account for the distorting effects (atten- 
uation, change of phase, and reflection) of the tube upon the 
pressure signal. [The distortion of pressure measurements 
by pneumatic tubes was also discussed in "Distortion of 
Pressure Signals in Pneumatic Tubes,” (ARC-12868), NASA 
Tech Briefs, Vol. 1 7, No. 3 (March 1 993) page 96.] 

The algorithms are derived from an approximate second-order 
differential equation that expresses the relationship between the 
pressures at the surface and sensor ends of the tube. The approx- 
imation is valid for frequencies up to the natural frequency (first res- 
onance). The differential equation can be put in finite-difference 
matrix form, in which the finite differences are the incremxents of 
time between successive samples of the pressure signal. The 
solution to the matrix equation is numerically ill-conditioned in 
such a way that noise in the output of the sensor is overamplified 
by numerical instability, and this noise overwhelms any estimate of 
the input pressure unless a correction for the noise can be found. 

Both algorithms deconvolve the input pressure (see fig- 
ure) from the output pressure and correct for noise by use of 
minimum-variation estimation (Kalman filtering) theory. It is 
assumed that the error in the estimated input pressure at 
each increment of time is represented by a random variable 
characterized by a covariance matrix. It is essential to use 
the correct values for the elements of the covariance 
matrix. These values are selected in a process, called “filter 
tuning,” that is typical of minimum-variance estimation algo- 
rithms. In initial trials, tuning was performed with simulated 
data based on solutions of the full wave equation for the 
propagation of the pressure signal in the tube-and-sensor 
assembly. 

One of the algorithms is designed for postflight process- 
ing. This algorithm performs a two-pass forward filtering, 
backward-smoothing function. This algorithm uses all avail- 
able measurements, including those taken both before and 
after a given instant, to estimate the input pressure at that 
instant. 

The second algorithm is intended for real-time processing. 
It is implemented as a time-recursive filter. To estimate the 


KE 1 ! 1 : nl 

Mobile, In-Line, K 
Fine-Pitch np 

Solder Paste^TuZO 

Inspection for P erHour 


$4. 25/hour is based on purchase price of CyberSentry 
amortized over three years, two shifts per day, 250 days 
per year. Call toll free for more information. 



SIMPLE — 
TOUCH-SCREEN 
PROGRAMMING 


CyberSentry 


provides height, 
coverage and volume 
measurement of printed 
solder paste. This new 
system makes it easy 
and cost effective to identify printing problems 
before yield is affected without slowing down 
the manufacturing process. 


CyberSentry 12-City 'technical Seminars 


CyberOptics will be presenting a seminar series 
on CyberSentry in a city near you. Call toll 
free for locations and dates. 

► See us at NEPCON WEST, Booth 4370. 

800 - 746-6315 


.yuci u|iu( 


CyberOptics Corporation • 2505 Kennedy Street NE • Minneapolis, MN 55413 U.S.A. 
B 612-331-5702 FAX 612-331-3826 


NASA Tech Briefs, February 1994 


For More Information Write In No. 609 









input pressure at a given instant, it 
uses only measurements made up to 
that instant. 

This work was done by Stephen A. 
Whitmore of Ames Research Center 

and Cornelius T. Leondes of the Uni- 
versity of California at Los Angeles. Fur- 
ther information may be found in NASA 
TM- 101716 [N90- 1 9224], “ Compensat- 
ing for Pneumatic Distortion in Pressure 
Sensing Devices.” 

Copies may be purchased [prepay- 
ment required] from the NASA Center 
for AeroSpace Information, Unthicum 
Heights, Maryland, Telephone No. (301) 
621-0390. Rush orders may be placed 
for an extra fee by calling the same 
number. 

ARC-12844 


The Varying Input Pressure Is Esti- 
mated from the measured time-varying 
output pressure by one of two deconvolu- 
tion algorithms that take account of mea- 
surement noise. The algorithms are 
based on minimum-covariance (Kalman 
filtering) theory. 


Magnetic Check Valve 

Oscillations would be suppressed, with consequent reduction of wear. 
Lyndon B. Johnson Space Center, Houston, Texas 


The poppet in a proposed check 
valve would be restored to the closed 
condition by magnetic attraction 
instead of spring force. It should there- 
fore be immune to the sustained oscil- 
lations that plague spring-loaded pop- 
pets and wear them out quickly, often 
within hours. Wear also generates par- 
ticles that contaminate the flow. 

In the proposed check valve, a sta- 
tionary magnetic disk would be 
mounted just upstream of the poppet, 
which would also contain a magnet 
(see figure). The valve body would be 
nonmagnetic. Forward pressure or flow 
would push the poppet away from the 
stationary magnetic disk so that the 
fluid would flow easily around the pop- 
pet. A stop in the valve body would pre- 
vent the poppet from being swept away. 
When flow stopped or started to 
reverse, magnetic attraction would 
draw the poppet back to the disk. The 
poppet would then engage a floating 
O-ring, thereby closing the valve and 
preventing reverse flow. The floating 
O-ring facilitates sealing at low loads. 

The valve, when open, would not be 
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The Magnetic Check Valve would operate similarly to a spring-loaded check valve 
except that the seating force would be provided by magnets instead of a spring. 
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subject to flow-induced oscillation be- 
cause it would not contain a mechani- 
cal element that would store and return 
energy to the poppet as does the 
spring of a conventional spring-loaded 
poppet. Moreover, the magnetic field 
would assist in centering and guiding 
the poppet, reducing the wear that 
would ordinarily be expected at the 
interface between the poppet and the 
valve body during stroking of the pop- 
pet. The magnet would also serve as a 
particulate filter for ferrous system 
contaminants. 

Because the extent of the magnetic 
field would be limited, the stroke of the 
magnetic valve would necessarily be 
shorter than that of an equivalent spring 


valve. Therefore, the diameter of the 
valve seat would have to be made larg- 
er to accommodate the same flow. 
The valve body would therefore be 
wider than the equivalent spring-valve 
body. The poppet would also have to 
be enlarged to fit the enlarged seat, 
and the increase in the cross-sectional 
area of the poppet would reduce the 
differential pressure needed to push 
the poppet away from the seat. In 
addition, the absence of a spring in the 
magnetic valve would enable a reduc- 
tion in the axial length of the valve body. 

The magnetic seating (closing) force 
exerted on the poppet would be strong- 
est when the poppet was seated and 
weakest when the poppet was fully 


open. This situation is opposite that in a 
spring-loaded valve. Thus, at full flow, a 
magnetic valve would offer less resis- 
tance to the flow. The valve features 
large flow capacity in a small envelope. 

This work was done by Brian G. 
Morris and Richard J. Bozeman, Jr., of 
Johnson Space Center. For further in- 
formation, write in 15 on the TSP Request 
Card. 

This invention is owned by NASA, 
and a patent application has been 
filed. Inquiries concerning nonexclusive 
or exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Johnson Space 
Center [see page 24], 

Refer to MSC-22046. 


Temperature-Operated Valve 

Outlet flow would be allowed in a prescribed temperature range only. 
NASA's Jet Propulsion Laboratory, Pasadena, California 


A proposed valve would help pre- 
vent waste by returning water (or other 
liquid) to its source when it is too hot 
or too cold for use. When the temper- 
ature is within the required range, the 
valve would let the liquid flow. In a 


shower, for example, the valve would 
prevent the outflow of dangerously hot 
or uncomfortably cold water. 

The valve would contain two con- 
centric pipes, the inner pipe being free 
to slide within the outer one (see fig- 


ure). One end of the inner pipe would 
be moved by a bimetallic valve stem 
that would expand or contract with an 
increase or decrease in the tempera- 
ture of the liquid. 

At the proper temperature, which 
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could be preset by turning a knurled 
nut at the outlet to adjust the axial 
position of the stem, orifices in the inner 
pipe would become aligned with ori- 
fices in the outer pipe, and the liquid 
would flow through the valve to the 
outlet at which it would be used. At 
higher or lower temperatures, the ori- 
fices would be misaligned and the liq- 
uid would be returned to its source 
through the annular space between 
the pipes. 

This work was done by Andrew D. 
Morrison of Caltech for NASA’s Jet 
Propulsion Laboratory For further 
information, write in 45 on the TSP 
Request Card. 

NPO- 18650 



The Bimetallic 
Valve Stem 

would position 
the orifice at the 
end of the inner 
pipe orifice so 
that liquid could 
flow to the outlet 
when the 
temperature lies 
within a small 
range of a preset 
value. If the liquid 
were too cold or 
too hot, the 
orifices would be 
misaligned and 
the liquid would 
be returned to 
the source. 


Hydraulic Extractor for Electronic Connectors 

This tool gently but firmly separates multipin connectors. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


A tool separates multipin electrical con- 
nectors in electronic equipment. The tool 
is based on the use of hydraulic pres- 
sure to apply balanced forces to the 
connector and gently pull it free with- 
out damage. 

The tool can be easily assembled from 
readily available parts. The tool includes 
an actuator syringe, two extractor sy- 
ringes of the disposable plastic 5-mL 
type, several pieces of flexible plastic 
tubing, and adjustable mounting com- 
ponents that brace the tool in the de- 
sired spacing configuration to suit the 
connector to be extracted (see figure). 
The tubes and syringes are filled with a 


suitable fluid. 

In use, the tool is first positioned and 
braced over the connector to be ex- 
tracted. Forks on the extractor syringes 
are placed below the lips of the con- 
nector to be extracted. The technician 
then pushes the plunger on the actuator 
syringe, thereby pressurizing the extractor 
syringes: the pressure extends the 
extractor rams so that they push against 
the mounting surface, and the extractor 
syringes and forks move apart pulling the 
upper connector away from the lower 
connector with equal force applied to both 
sides. This tool was designed specifi- 
cally for use on “D”-type connectors, but 


can be adapted for use wherever a linear 
extraction motion would be used. 

This work was done by Larry D. Smith 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, 
write in107 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or ex- 
clusive license for its commercial devel- 
opment should be addressed to the 
Patent Counsel, NASA Resident Office- 
JPL [see page 24]. 

Refer to NPO- 18786. 




Disposable Syringes serve as cheap hydraulic cylinders in the connector extractor. 
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Elongation Transducer for Tensile Tests 

Clamping stress is distributed more evenly than in older extensometers. 
Langley Research Center, Hampton, Virginia 


An extensometer transducer measures 
the elongation of a tensile-test specimen 
with negligible distortion of the test re- 
sults. The transducer is used in stress- 
versus-strain tests of small specimens 
of composite materials. 

Previous extensometers exerted large 
clamping forces via their load points gen- 


erating concentrated stresses at load 
points. Because of these concentrated 
stresses, thin specimens tended to fail 
prematurely, giving inaccurate measures 
of tensile strength. In contrast, this ex- 
tensometer applies much of its clamp- 
ing force via flat clamping surfaces ra- 
ther than through its load points. The 


user adjusts the relatively small part of 
the clamping force at the points until it is 
just enough that the friction force 
between the specimen and the load 
points retains the location of the load 
points on the specimen. Concentrated 
stresses are thus kept to the minimum 
necessary for measurement. 

The specimen is placed between flat 
clamping surfaces of a jaw and a hous- 
ing (see figure). The user rotates a 
thumbscrew to drive the jaw and speci- 
men toward a pair of conical tips that 
define the load points. As the specimen 
presses against the tips, they in turn 
press (via flexible beams) against a 
spring-loaded, pistonlike bulkhead in 
the transducer housing. The amount of 
friction force applied to the specimen is 
determined by the compression of the 
spring and the position of the jaw. The 
compression of the spring is adjusted 
by turning a knurled outer cover on the 
housing; the compression is thus set 
so that the tips do not slip when the 
specimen is clamped in the transducer 
and stretched in the tensile test. 

During mounting of the specimen 
and prior to the tensile test, locking pins 
maintain a fixed gap of 0.300 in. (7.62 
mm) between the load points. This en- 
sures a consistent starting point from 
measurement to measurement. Once the 
load points are set in the specimen, 
the locking pins are removed. The flexi- 
ble beams that support the points are 
then free to bend. 

Tension is applied to the specimen. 
As the specimen stretches, it pulls the 
load points apart. The flexible beams 
bend in cantilever fashion. Strain 
gauges on these beams measure the 
bending and thus the elongation of the 
specimen between the tips. The strain 
gauges are connected in a bridge cir- 
cuit that puts out a 21.4 mV full-scale 
reading (at 10 V input) at a maximum 
elongation of 0.03 in. (0.76 mm). Thus, 
the transducer provides ample sensitivity 
and resolution for tensile testing of 
small specimens. 

Inasmuch as the housing encloses the 
measuring elements, these are protect- 
ed from damage in routine handling and 
use. Also, deflection stops in the housing 
prevent the overloading of the measuring 
elements in the event of excessive elon- 
gation of the specimen. 

This work was done by Paul W. 
Roberts of Langley Research Center 
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Housing 



Note: Penetration of load 
points into specimen is 
exaggerated, to show their 
location, in this view. 


The Specimen Is Clamped Gently between the jaw and the fac- 
ing surface of the housing. The friction force of the load points on 
the conical tips onto the specimen depends on the compression of 
the spring, which is adjusted by turning the cover on the housing. 
Limp, light nylon-insulated electrical leads impose minimal extra- 
neous loads on the measuring elements. 


and Thomas R. Stokes of Modem Machine and Tool Co. No 
further documentation is available. 

Inquiries concerning rights for the commercial use of this 
invention should be addressed to the Patent Counsel, Langley 
Research Center [see page 24], 

Refer to LAR- 14845. 


NASA’s 

Report 

SPINOFF 

If you are interested to find out how NASA 
technology has been applied by private industry 
and resulted in the development of commercially 
available products or services, you may wish to 
request a copy of this report by writing in #515. 
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Heater/Sensors 







FUNCTION 


Flexible heaters have their own built-in temperature sensors for fast 
response and tight control. 

• Kapton, silicone rubber, polyester insulation 

• Resistance thermometers with platinum and other elements, 
thermocouples, and thermistors 

• Irregular shapes and profiled heat patterns adapt to any heat sink 


7300 Commerce Ln. 
Minneapolis. MN 
55432-3177 USA 


MINCO 

PRODUCTS, INC. 


Phn: 612/571-3121 
Tele*: 687-9025 
FAX: 612/571-0927 




For More Information Write In No. 680 
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ME-981 ENCODER 




C-140 C-17 G-222 727 M1-A2 M-109 B-52 B-1B B-2 

RECORD 

MIL-STD-1 553, PCM 
ARINC-429, RS-422 


•»> 

cn 


03 

w 

■ 

CO 

CO 


1888 


ME-991 DECODER 

Merlin ME-981/991 systems use low-cost video tape recorders to 
capture over 2 hours of continuous data at rates 
up to 2.2 Mbits/sec Open design permits use of 
interchangable interface modules for a flexible 
data recording system. The ME-981 is qualified 
to Mil-Std-810E and is available in both ruggedized 
and rack-mount configurations. 

Merlin 

MERLIN ENGINEERING WORKS 

EmbarcaderoRd., Palo Alto, CA 94303 Phone (41 5) 856-0900 
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Machinery 


Low-Flow-Rate Dry-Powder Feeder 

Rates of flow are optimized for measurement of particle-size distributions. 


Marshall Space Flight Center, Alabama 



Powder Falls from a hopper through orifices, passing through a laser beam. A control 
unit regulates vibration to provide a slow, uniform flow. 


An apparatus feeds a small, precise 
flow of dry powder through the laser 
beam of an optical analyzer, which mea- 
sures the patterns of light created by for- 
ward scattering (Fraunhofer diffraction) 
of the laser beam from the powder par- 
ticles. From this optical measurement, 
the statistical distribution of the sizes of 
the powder particles is computed. 

The powder-feeding apparatus pro- 
vides the steady flow that is neither too 
dense nor too sparse for creation of 
the required diffraction patterns. Flow at 
too high a rate would be too dense in 
that it would result in multiple scatter- 
ing; the optical analyzer would mea- 
sure two or more particles at the same 
time and indicate a smaller particle 
than was actually there. Flow at too 
low a rate would be too sparse in that 
it would yield insufficient data for com- 
putation of the particle-size distribution. 
Too sparse a flow would also expose 
the photodetector in the optical analyz- 
er to direct laser radiation in excess of 
its measurement range. 

In the powder-feeding apparatus, 
the powder descends from a hopper 
through a series of orifices, which meter 
the flow. The subassembly that contains 
the hopper and metering orifices is 
vibrated to prevent bridging of orifices 
and thereby ensure steady flow at the 
maximum rate permitted by the ori- 
fices. After flowing through the lowest 
metering orifice, the powder stream 
continues downward through a flexible 
tube into a vertical analyzer sight tube, 
where the laser beam intercepts the 
stream monitored by the photodetector. 
The powder continues to flow down the 
sight tube and is collected at the bottom. 
The collected powder can be reused. 

The rate of flow can be changed by 
replacing the metering orifices with oth- 
er orifices of different diameters. Rates 
of flow usually range from 0.2 to 0.4 g/s 
depending on the bulk density and the par- 
ticle-size distributions of the powders. 

The feeder was developed for analyz- 
ing particle-size distributions of solid- 
propellant powders. The feeder could 
also be adapted to use in the pharma- 
ceutical industry, in manufacture of 
metal powder, and in other applica- 
tions in which the particle-size distribu- 


tions of materials are used to control 
rates of chemical reactions and/or 
physical characteristics of processes. 

This work was done by Keith E. 
Ramsey of GenCorp Aerojet for Mar- 


shall Space Flight Center. For fur- 
ther information, write in 104 on the 
TSP Request Card. 

MFS-28738 
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Lightweight Tool Grinds Back-Side 
Weld Beads 

This air-powered grinder enables high-quality rework of welds. 
Marshall Space Flight Center, Alabama 


A tool removes excess material from 
the back side of a weld in preparation 
for reworking it. The tool is used on a 
workpiece while the workpiece is still 


mounted in the welding fixture or weld- 
ing machine. The workpiece can then 
be rewelded in its original position, so 
that full process control is maintained. 



The Abrasive Belt makes contact with the workpiece at the lowerend of the cutting 
head. 


"At DuPont, we have experienced the 
power of deliberate, systematic applica- 
tion of the de Bono tools to practical 
problems with remarkable results. For 
example, lateral thinking led to a major 
break-through in process continuity at a 
fiber plant with a radical altering of basic 
equipment design, reducing the number 
of moving parts by 80%. " 

—David Tanner, 
Founding Director, DuPont Center 
for Creativity & Innovation 
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This book only $23.00 plus $5.00 for 
shipping and handling. Mail order to: 


NASA Tech Briefs, Dept F 
41 East 42nd St. Suite 921 
New York, New York 10017 
For credit card orders call 
(212) 490-3999 



A calendar featuring each month breath- 
taking four-color photographs of the 
space shuttle in action! Dates and space 
launches from the 1 960s to present in- 
cluded. Printed on deluxe coated stock 
with laminated colorful covers. 

Only $10.95. 


Send NASA Calendar(s) at 

$10.95 each. Add $5.00 for shipping and 
handling charges, orders from $51.00 to 

$100.00 add shipping and handling charge $8.50 
(NY residents add sales tax to total) 

TOTAL ENCLOSED $ 
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Previously, it was necessary to re- 
move the workpiece from the welding 
fixture or machine. A technician shaved 
or ground the back-side weld bead 
manually, then rewelded the workpiece 
manually. This procedure was time 
consuming and the welding operation 
was largely uncontrolled. 

The tool (see figure) weighs only 5 lb 
(2.3 kg). It includes an abrasive belt that 
runs in a frame assembly. A right-angle 


drill motor, powered by compressed air, 
drives the belt. A cutting head at the end 
opposite the motor supports the tool on 
the workpiece. As the tool is moved 
along the weld bead, the belt grinds 
excess material away. 

The tool can also be used for 
grinding material in spaces to which 
access is limited — for example, in 
pressure vessels and in the hulls of 
ships. It can also be used to grind 


materials other than metals. 

This work was done by Robert L. 
Gallagher of Martin Marietta Corp. for 
Marshall Space Flight Center. For 

further information, write in 44 on the 
TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Marshall Space Right Center [see page 
24], Refer to MFS-28775. 


Tool-Changing Mechanism for Robot 

A tool is handed off securely between an end effector and a holster. 
Goddard Space Flight Center, Greenbelt, Maryland 


Figure 1 is a partially exploded view 
of a tool-changing mechanism for 
robotic applications. The mechanism 
effects secure handoff of the tool 
between the end effector of the robot 
and a yoke in which the tool is stowed 
when not in use. The mechanism can 
be operated in any orientation in nor- 
mal or low gravitation. Unlike some 
other robotic tool-changing mecha- 
nisms, this one imposes lesser con- 


straints on the design of the robot and 
of the tool because it is relatively com- 
pact and because it does not require 
large insertion forces and the large 
actuators that would be needed to pro- 
duce them. Also, it can be stored in 
zero g and can survive launch loads. 

A tool interface assembly is affixed to 
each tool and contains part of the 
tool-changing mechanism. The tool is 
stowed by (1) approximately aligning 



Figure 1 . 

This Tool- 
Changing 
Mechanism 

operates with 
relatively small 
contact forces and 
is relatively 
compact. 


the tips of the yoke arms with flared 
openings of the holster guides on the 
tool interface assembly, (2) sliding the 
assembly onto the yoke arms, which 
automatically enforce fine alignment 
by virtue of the geometric relationship 
between the mating surfaces of the 
yoke-arm wheels and the holster guide, 
(3) locking the assembly on the holster 
by pushing wing segments of a cap- 
tured nut (described more fully below) 
into chamfered notches in the yoke 
arms, and (4) releasing the end effector 
from the tool interface assembly. 

The end effector includes a male 
splined shaft (not shown in Figure 1) 
that is spring-loaded to protrude 
downward. A motor rotates the male 
splined shaft via a splined drive shaft 
that mates with a splined bore in the 
shank of the male splined shaft. The 



Wheel * 
Shoulder - 


Wing Segments of 
Captured Nut 


Figure 2. The End Effector and Tool Interface Assembly are 

shown in initial mating configuration, immediately before the begin- 
ning of the sequence of motions to release the tool from the yoke 
and secure it to the end effector. 
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sequence of movements in which the 
end effector takes the tool from the 
holster begins with the movement of 
the end effector into a position in 
which its alignment recesses can 
engage the mating blocks on the tool 
interface assembly. The end effector is 
then pushed downward into contact 
with the tool interface assembly. 
Meanwhile, the male splined shaft is ro- 
tated until the spring force can push it 
through the opening in the splined fe- 
male end of a driven bolt, and an align- 
ment cone at the end of the splined 
male shaft bottoms in a conical hole in 
the female end of the driven bolt (see 
Figure 2). 

Assuming that the thread on the driven 
bolt is right handed, the male splined 
shaft is rotated clockwise until a vertical 
spline on this shaft engages a tab in 
the driven bolt, at which point the shaft 
and bolt rotate together. As the rotation 
continues, the driven bolt moves down- 
ward in a captive nut until mating 
splined surfaces on the male splined 
shaft and driven bolt make contact, 
which prevents further downward 
movement of the driven bolt. 

As the rotation continues, the captive 
nut moves upward. The wing segments 
mentioned previously are thus pulled 
up, out of the chamfered slots on the 
yoke arms, so that the tool interface 
plate can be slid freely off the yoke. 
Simultaneously, two other wing seg- 
ments of the captured nut (not shown) 
push up sets of electrical connectors, 
through the dust covers, to mate with 
electrical connectors in the end 
effector. Once this motion is complet- 
ed, the tool is fully engaged with the 
end effector and can be slid off the 
yoke. To release the tool from the end 
effector and lock it on the yoke (steps 3 
and 4 in the second paragraph), one 
simply reverses this sequence of 
motions. 

This work was done by John M. 
Vranish of Goddard Space Flight 
Center. For further information, write 
in 7 on the TSP Request Card. 

This invention is owned by NASA, 
and a patent application has been 
filed. Inquiries concerning nonexclusive 
or exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Goddard Space 
Flight Center [see page 24], Refer to 
GSC-13435. 
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Introducing the NE W Universal 
Driver from LABTECH® 


NOTEBOOK 7.3 


LABTECH NOTEBOOK'S new Universal Driver 
includes support for over 400 data acquisition I/O 
boards and boxes - all included in one package! 
No other data acquisition software offers device 
support this extensive. NOTEBOOK now incor- 
porates the brand new VISION graphics for Win- 
dows. With an installed base of over 30,000, it's 
the original and still the best PC-based software 
for lab and test data acquisition, analysis, and con- 
trol. Available worldwide in English, French, Ger- 
man & Japanese. 


Realtime VISION 


NOTEBOOK pricing begins at just $495! 


LT/CONTROL 4.2 


LT/CONTROL is the best value in workstation- 
based software for mission-critical industrial moni- 
toring and process control. Configuration is 
mouse/icon-driven. New Windows 3.1 versions 
include object-based process graphics and Network 
DDE-based distributed client/server architecture. 
LT/CONTROL provides password protected ac- 
cess levels, logs alarms and data in real time, al- 
lows for loop tuning, and "on the fly" live 
reconfiguration of the operator interface graphics. 

LT/CONTROL pricing begins at just $995! 


Realtime VISION is LABTECH's new Win- 
dows 3.1 real-time graphic interface builder, 
with customizable knobs, buttons, sliders, 
meters, dials, and strip charts. Includes ob- 
ject graphics drawing package supporting real- 
time object animation. Connect objects to any 
varying data source via DDE or Network DDE 
for a state-of-the-art real-time user interface. 

Realtime VISION is $395, runtimes are only 
$99 each! 

1 - 800 - 899-1612 

LABTECH • 400 Research Drive • Wilmington, MA 01887 
Tel: (508) 657-5400 • FAX: (508) 658-9972 


Availability on DOS, Windows, NT, and UNIX 


For More Information Write In No. 510 


OTTO VERSUS 
THE OTHERS 



OURS THEIRS 

In a side by side comparison of scan converters, nothing 
compares to OTTO. That’s because OTTO is the most 
advanced scan converter in the world. If 
you’re looking to convert your high- 
resolution display to broadcast-quality video, 
have the highest level of automation and 
control, and want the industry’s longest 
warranty, choose OTTO. 

There’s simply no comparison. 



Folsom 
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Folsom Research, Inc. • 526 East Bidwell Street, Folsom, CA 95630-3119 
tel (916) 983-1500 • fax (916) 983-7236 


For More Information Write In No. 687 


Piston-Skirt Lubrication System 
for Compressor 

Filtered oil is supplied continuously. 

Lyndon B. Johnson Space Center, Houston, Texas 

The Annular Space at the 
Bottom of the piston and 
cylinder constitutes the 
working volume of a small oil 
pump. The width of the 
annulus is exaggerated in the 
drawing; it need be no more 
than a few thousandths of the 
diameter of the piston. 


A piston-skirt lubrication system 
provides a steady supply of oil to the 
piston rings of a gas compressor. 
Unlike in conventional lubrication sys- 
tems for reciprocating compressors, 
there is no need for an oil-filled 
crankcase or an external oil pump. 
Instead, part of each piston acts as its 


r ‘" ef Oil Reservoir 

PISTON AT LOWER END OF STROKE 



PISTON AT UPPER END OF STROKE 


AUTOMATIC 
FILM & VIDEO 
MOTION 
ANALYSIS 


track eye 


.i-KStSl 



...visual analysis made easy 


It's an automated system that covers the 
complete motion analysis process... 
from reading-in of film or video to a 
choice of viewing and print-outs . . FAST 1 
And as simple as 1-2-3. 

1. RECORD. Film/video image 
sequences are loaded into the system's 
videodisc store via high resolution film 
scanner, video recorder or camera. 

2. TRACK. Point and object tracking is 
automatic with manual supervision. Up 
to 95 individual targets can be tracked 
simultaneously . . zoom, backtracking 
and motion view survey are provided. 

3. ANALYZE. (During and after tracking, 
calculations of distance, acceleration. 


angular velocity, etc. can be displayed 
to detect errors or make adjustments. 
Results, both graph and image, can be 
laserprinted or output to external 
processing. 

Current users report a 75% increase in 
visual analysis throughput. For more 
information or a demonstration contact 
us at 213-849-6251. 818-842-2141 or 
Fax 818-842-2610. 




□ 


own oil pump in that it circulates oil 
from a reservoir. 

Each piston and its cylinder are 
configured with a small step that 
increases in diameter at the bottom to 
form a thin annular oil-pumping space 
(see figure). A pair of wiper rings on 
the piston, below the compression 
rings, seal the top and bottom of this 
space. As the piston travels down- 
ward, it draws oil from the reservoir 
through a check valve into the annu- 
lus. Because the upper wiper ring is 
constantly exposed to lubricant on its 
lower side, it leaves behind a thin film 
of oil that lubricates the compression 
rings. The lower wiper ring simply func- 
tions as a seal to contain the lubricant 
within the annulus. 

On the upward stroke, the piston 
forces oil out of the annulus through a 
check valve, returning the oil to the 
reservoir through a filter. Depending 
on the application, the reservoir can be 
open to the atmosphere, or it can be 
sealed and pressurized in a bellows to 
prevent contact between the oil and 
the atmosphere. The filter removes 
particles worn away from the piston 
rings and cylinder wall during normal 
operation. 

Any compressed gas that leaks from 
the compression space of the cylinder 
through the compression rings is vent- 
ed into the crankcase through ports in 
the piston. This keeps the gas out of 
the lubrication system, where it could 
contaminate the oil. 

This work was done by Edgar C. 
Schroeder and Marion Burzynski, Jr., 
of Southwest Research Institute for 
Johnson Space Center. No further 
documentation is available. 

MSC-22 152 
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Fabrication Technology 


Floating Vacuum Skimmer for Emulsion Cleaning 

This skimmer eliminates the need for a tedious operation. 

Marshall Space Flight Center, Alabama 



Level 

SKIMMER IN OPERATING ORIENTATION 


Sheets 

SKIMMER UPSIDE DOWN 


Figure 1. The Floating Skimmer, when connected to a wet/dry vacuum cleaner and placed on the surface of the liquid in an emulsion clean- 
ing tank, draws off floating emulsified residue. 



A simple device skims oil quickly and 
easily from the surface of the liquid in an 
emulsion-type cleaning tank. In such a 
tank, oil removed from the object being 
cleaned is emulsified and floats to the sur- 
face. The floating residue must be removed, 
or else it will recontaminate the cleaned 
object. Previously, the floating residue was 
removed by manual skimming with a cup — 
a tedious procedure. 

The device (see figure) is a floating skim- 
mer. Two pads of closed-cell foam provide 
flotation for a raft of polyvinyl chloride (PVC). 
The raft supports two PVC sheets, which 
form a widemouthed channel that tapers 
into a hose fitting. The hose is connected 
to a wet/dry vacuum cleaner, which draws 
the emulsified residue away. 

The materials for the floating skimmer 
cost less than $5 (1991 prices). The time 
required to cut the materials and assem- 
ble the parts was less than 2 hours. 

This work was done by Gene E. Morgan 
and Isabel B. Satra of Rockwell Internation- 
al Corp. for Marshall Space Flight Cen- 
ter. No further documentation is available. 
MFS-29897 


These Four Stages in Changing a Tool 

are typical of the operation of the robotic 
tool changer. 
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Inert-Gas Diffuser for Plasma or Arc Welding 

The inert gas excludes oxygen from weld beads until they cool sufficiently. 
Marshall Space Flight Center, Alabama 


The Inert-Gas Diffuser follows the welding torch, protecting the weld bead from oxidation 
as the bead cools. Side fins help to retain the flowing inert gas. 


An inert-gas diffuser provides a protec- 
tive gas cover for a weld bead as it cools. 
The diffuser follows a welding torch, main- 
taining a continuous flow of argon over the 
newly formed joint and thus preventing it 
from oxidizing. The diffuser helps to ensure 
welds of consistently high quality. It was 
devised for plasma arc keyhole welding of 
plates of 0.25-in. (6.35-mm) or greater thick- 
ness but can also be used in tungsten/in- 
ert-gas and other plasma or arc welding 
processes. 

The diffuser includes a stainless-steel 
chamber that is clamped onto the welding 
torch (see figure). The components of the 
chamber are welded together. A tapered 
barb at the inlet to the chamber fits gas 
hoses of all common inside diameters. The 
inlet flow is directed into the chamber in 
such a way that it purges any residual air, 
thereby eliminating the possibility that the 
weld puddle could entrap air. The under- 
side of the chamber is a sheet of stainless 
steel 0.062 in. (1 .6 mm) thick, with pores 
about 100 fim wide. As argon flows from 
inside the chamber through the pores, side 
fins direct the flow toward the weld bead. 

This work was done by Jeffrey L Gilbert, 
Carl N. Spencer, and Timothy J. Hosking 
of Rockwell International Corp. for Marshall 
Space Flight Center For further informa- 
tion, write in 23 on the TSP Request 
Card. 

Inquiries concerning rights for the com- 


mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 


Space Flight Center [see page 24], Refer 
to MFS-29887 



Improved Abutting Edges for Welding in Keyhole Mode 

Welds of better quality can be made, and/or heat input can be reduced. 

Marshall Space Flight Center, Alabama 

Improved shapes have been devised for 
abutting edges of metal pieces that are to 
be joined by plasma arc welding in the 
keyhole mode, in which a gas jet maintains 
a molten hole (the “keyhole") completely 
through the thickness of the weld joint. 

Penetration of the keyhole is limited by the 
ability of the gas jet to hold the keyhole 
open. The penetrating ability of the gas jet 
can be increased or, alternatively, the heat 
input needed for penetration can be re- 
duced, by reducing the amount of material 

Edges of Metal Pieces To Be Welded To- 
gether are machined to provide the re- 
quired combination gap and shaped, thin 
sections. The shapes and dimensions can 
be chosen to optimize the weld in various 
respects; e.g., to enhance penetration of 
the keyhole or to reduce the heat input to 
produce a joint of a given thickness. 
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the gas jet has to displace. This can be 
done by separating the abutting edges by 
a small fraction of an inch (about 1 mm) 
anchor thinning either or both metal piece(s) 
at the abutting edges. 

Heretofore, in some cases, gaps between 
simple abutting square edges have been 
maintained by use of spacers, shims, and 
tack welds. In other cases, abutting edges 
have been machined to shapes that pro- 
vide the requisite thin sections anchor gaps. 
Each of these prior approaches has en- 
tailed one or more disadvantages: it is dif- 
ficult to use spacers and shims, tack welds 
present local obstacles to full penetration, 
and some of the shapes of abutting welds 
have been difficult to machine. Other dis- 
advantages have included, variously, the 
need to use backup welding shields, dif- 
ficulty in inspection, difficulty in maintain- 


ing and enforcing alignment during weld- 
ing, difficulty in maintaining the quality of 
the weld, and the need to provide additional 
filler material. 

The improved shapes (see figure) over- 
come these disadvantages to a large ex- 
tent. No shims, spacers, or tack welds are 
needed, because the edges automatically 
provide the required gap when the pieces 
are butted tightly together. The edges can 
be machined easily, with shapes and di- 
mensions chosen to provide the desired 
combination of thinning and separation of 
the pieces to be joined. The shapes and 
dimensions can be chosen to obtain deep- 
er penetration of the keyhole for a given 
set of welding parameters. The shapes and 
dimensions can also be chosen to reduce 
the heat input needed to weld a joint of 
given thickness; the reduction in heat in- 


put improves the metallurgical properties 
of the weld joint. Other advantages include 
reduction of the amount of molten metal 
in the forming weld bead (with consequent 
better control of the shape of the weld bead 
on the underside), reduction of the number 
of weld passes needed for a joint of given 
thickness, and reduction of the costs of 
machining and inspection. 

This work was done by Dennis D. 
Harwing and John M. Sanders of GenCorp 
Aerojet for Marshall Space Flight Cen- 
ter. For further information, write in 
73 on the TSP Request Card. 

Inquiries concerning rights tor the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 24], Refer 
to MFS-28694 


Robotic Tool Changer for Automated Welding 

Parts can be welded, inspected, and reworked automatically. 

Marshall Space Flight Center, Alabama 


A prototype robotic tool changer for an 
automated welding system eliminates the 
need for most manual tool setups and 
the attendant problems: the robotic tool 
changer operates rapidly, always chooses 
the designated tool, maneuvers the tip 


of the welding torch or other tool in the 
correct position, and reliably connects 
water, gas, welding wire, high-voltage 
electrical signals, and ground. The ro- 
botic tool changer can also load tools 
other than those for welding — an eddy- 


current weld-flaw inspection probe, for 
example. 

A control subsystem sends the end 
effector of the robot, on which the tool 
changer is mounted, to a tool-storage 
rack. If the tool changer is holding a 
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tool, it deposits that tool in a holder on 
the rack, and that tool separates from 
itself and the various supply lines. Then 
the tool changer is moved to the hold- 
er, where the tool for the next operation 
is located. There, the changer engages 
the new tool and its supply lines. The 
robot returns to the workpiece with the 
new tool and performs the next fabri- 
cation operation (see figure). 

The tool-storage rack provides com- 
pressed air for blowing shop dust off the 
electrical contacts of each tool. It also 
cuts excess welding wire from each tool. 

The robotic tool changer is intended 
for use in a robotic work cell that pro- 
duces all good parts, no rejects. That is, 
in production, the robot would weld a 
part, test it for flaws, and rework it as 
necessary before releasing it. The ability 
to change tools automatically instead of 
manually would enhance the produc- 
tivity of the work cell. 

This work was done by Jeffrey L. 
Gilbert and Carl N. Spencer of Rockwell 
International Corp. for Marshall Space 
Flight Center. For further information, 
write in 100 on the TSP Request Card. 
MFS-29921 

Figure 2. This Simple Design makes it pos- 
sible to fabricate the skimmer quickly, at 
low cost. 



TOOL CHANGER APPROACHES TOOL 
(WELDING TORCH AND ASSOCIATED 
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TOOL CHANGER COUPLES WITH TOOL 
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MANY ITEMS ON GSA! 


Time Code 


I nst r u mentat ion 


Professionals in many disciplines rely on recorded time code as a primary reference in data correla- 
tion and control applications. For nearly 20 years we’ve supplied quality timing instrumentation to 
customers in fields as diverse as entertainment, medical research, flight test and deep space 
exploration. 

Datum produces a comprehensive line of timing instrumentation products, from rack mounted 
units designed for moderate environments, to ruggedized equipment for airborne, shipboard 
and mobile applications. Manufactured to commercial standards or military specifications 
requiring QPL certification, these instruments include time code translators and 
generators, tape search units, digital clocks and displays. A host of options 
enables the designer to maintain cost effectiveness while achieving 
optimum system configuration. 

We also design and manufacture complete range timing systems to 
customer specifications. 


For more information or applications assistance, call or write. 

Datum inc 

Timing Division 


1363 S. State College Blvd., Anaheim. CA 92806-5790 
(714)533-6333 1 - 800 - 938-3286 


90 


For More Information Write In No. 690 


NASA Tech Briefs, February 1994 







Powder-Curtain Feeder for Coating 
Filament Tow 

A web of fibers is coated and fused on both sides. 
Langley Research Center, Hampton, Virginia 


A device coats a web of fibers evenly 
with polymer powder as the web is drawn, 
yielding high-quality composite towpreg. 
The device is called a “powder-curtain 
feeder” because it creates a localized rain 
or curtain of powder particles that fall on- 
to the web in a controlled amount, with 
little loss. The small amount of powder 
that falls to the side or through the web 
can be recovered easily. 

The powder-curtain feeder is part of an 
apparatus similar to the one described 
in “System Applies Polymer Powder to 
Filament Tow” (LAR-14231), NASA Tech 
Briefs, Vol. 17 No. 7 (July 1993), page 77. 
The powder-curtain feeder contains a 
helical feed mechanism that dispenses 
the polymer powder through a tapered slot. 
Vibrators on the feeder keep the pow- 
der flowing evenly. The polymer powder 
falls from the slot, forming the powder 
curtain. The web is pulled through the 
curtain and becomes coated with the 
polymer. 

The web is first released from a spool 
and passes through vertical rollers that 
stabilize the web and prevent side-to- 
side movement as it rolls off the spool 
(see figure). An air jet spreads the web to 


its full width, and a series of horizontal 
bars maintains the width as the web 
passes through the powder curtain. Then 
the web passes under a bar that smooths 
the powder on the surface. The web then 
travels through an oven, which fuses the 
powdertotheweb. 

After passing out of the oven, the web 
is inverted on a pneumatic roller. Then 
the web passes under a second pow- 
der-curtain feeder, which coats the pre- 
viously uncoated side. Once again, the 
web passes through the oven, and the 
newly applied powder layer is fused to it. 
The resulting composite towpreg is then 
drawn onto a takeup spool for storage. 

This work was done by Robert M. 
Baucom and John J. Snoha of Langley 
Research Center and Joseph M. 
Marchello of Old Dominion University. 
For further information, write in 42 on 
the TSP Request Card. 

This invention is owned by NASA, 
and a patent application has been filed. 
Inquiries concerning nonexclusive or ex- 
clusive license for its commercial devel- 
opment should be addressed to the 
Patent Counsel, Langley Research Cen- 
ter [see page 24], Refer to LAR-14926 



The Continuous Fiber Web receives a powder coat first on one side, then on the other. 
A vibrating helical screw mechanism in the powder feeder provides an even flow of pow- 
der to form a powder curtain that descends onto the moving web. 

MAC A Trw'h Rriofe Pohrnarw 1 QQd 


Data Acquisition 
for Windows With a 
Huge Advantage... 
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•On-board DSP 
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UEIDAQ Software Includes 

• Windows 3.1 (including Visual 
BASIC), Windows NT and DOS 
drivers 

• Complete source code in Microsoft 
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• LabVlEW® 3.0 for Windows 
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acquisition system is ready to use 
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©Copyright 1993, United Electronic Industries, Inc. 
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Mathematics and 
T * Information Sciences 


Algorithms for Integrating Nonlinear 
Differential Equations 

In comparison with previous algorithms, these are more stable and more accurate. 
Lewis Research Center, Cleveland, Ohio 



These Three Solutions of differential equations of a simplified mathematical model of the 
spread of the AIDS virus are plotted together as examples of the accuracies achievable 
by some of the algorithms described in the text. 


Improved algorithms have been devel- 
oped for use in the numerical integration 
of systems of nonhomogenous, nonlin- 
ear, first-order, ordinary differential equa- 
tions. In comparison with integration al- 
gorithms developed previously, these 
algorithms offer greater stability and ac- 
curacy. Several of these algorithms are 
asymptotically correct, thereby enabling 
the retention of stability and accuracy 
when large increments of the indepen- 
dent variable (which is often time) are 
used. 

The derivation of these algorithms be- 
gins with the recasting of the differential 
equations into integral form. The in- 
tegrands of the resulting integrals are 
expanded into Taylor or Euler-Maclaurin 
series, then integrated term by term. Ex- 
pansion of the integrals about the lower 
limit, t, of the independent variable leads 
to an explicit formulation. The stability 
of this formulation for an exponentially 
decaying solution is unconditional in the 
case of a linear approximation and in 
the case of the exact solution, but it is 
conditional for quadratic and higher 
approximations. 

To retain accuracy, even in the un- 
conditionally stable cases, one must 
monitor the increment, Af, of time or 
other independent variable in the 
explicit formulation. The explicit algorithm 
provides a representation that is asymp- 
totically accurate when the solution is of 
the exponentially growing type, but is 
not asymptotically accurate in the case 
of a decaying exponential solution. 

On the other hand, expansion about 
the upper limit of integration (f+Af) leads 
to an implicit iterative formulation that is 
unconditionally stable in cases of ex- 
ponentially decaying solutions. The im- 
plicit algorithm provides an asymptoti- 
cally accurate representation when the 
solution is of the exponentially decaying 
type, but is not asymptotically accurate 
in cases of growing exponential solu- 
tions. The explicit and implicit solutions 
are therefore complementary in providing 
correct asymptotic representations for 
growing and decaying exponential solu- 


tions. Expansion about both limits leads 
to an implicit Euler-Maclaurin formula- 
tion that is conditionally stable but is 
often more accurate than are either of 
the preceding approaches, especially 
when the solutions are oscillatory in na- 
ture and contain both exponentially grow- 
ing and decaying components. The ex- 
plicit algorithms can be resolved by use 
of a self-adaptive time stepping tech- 
nique, while the implicit algorithms can 
be resolved by use of Newton-Raphson 
iteration, which converges quadratically. 

The accuracies attainable by the al- 
gorithms have been demonstrated by 
applying them to systems of nonlinear, 
first-order, differential equations that arise 
in the study of viscoplastic behavior, the 
spread of the acquired immune-defi- 
ciency syndrome (AIDS) virus (see fig- 
ure), and predator/prey populations. In 
general, the new implicit algorithm has 
been found to be unconditionally stable 
and to involve a Jacobian of smaller 
dimension than that required in such 
current implicit algorithms as the Euler 


backward-difference algorithm, yet it 
gives superior accuracy. The asympto- 
tic explicit and implicit algorithms are 
suitable for solutions that are of the grow- 
ing and decaying exponential kinds, re- 
spectively, while the implicit Euler- 
Maclaurin algorithm is superior when 
the solution oscillates; i.e., when there 
are regions in which both growing and 
decaying exponential solutions exist. 

This work was done by A. D. Freed 
of Lewis Research Center and K. P. 
Walker of Engineering Science Soft- 
ware, Inc. Further information may be 
found in NASA TM- 103793 [N91- 
21797], “Asymptotic Integration Algo- 
rithms for Nonhomogeneous, Nonlinear 
First Order, Ordinary Differential 
Equations.” 

Copies may be purchased [prepay- 
ment required] from the NASA Center 
for AeroSpace Information, Linthicum 
Heights, Maryland, Telephone No. (301) 
621-0390. Rush orders may be placed 
for an extra fee by calling the same 
number. LEW- 15522 
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Books & Reports 

These reports, studies and handbooks are available 
from NASA as Technical Support Packages (TSP's) 
when a Request Card is cited; otherwise they are 
available from NASA Technical Information Service. 



Mathematics and Information Sciences 


Estimating Costs of Aerospace Construction 

A report presents brief descriptions of techniques, instructional 
and reference literature, computer hardware and software, and 
compilations of data that have been used to estimate the costs of 
specially equipped buildings and other aerospace construction 
projects, mostly at Kennedy Space Center. The descriptions are 
replete with practical examples. Experiences gained in estimating 
costs of specific projects are also included. 

This work was done by Joseph A. Brown of Kennedy 
Space Center. To obtain a copy of the report, “Aerospace 
Construction Cost Estimating," write in 105 on the TSP 
Request Card. 

KSC-11604 


Machinery 


Damping Bearings in High-Speed 
Turbomachines 

A paper presents a comparison of clamping bearings with tradi- 
tional ball, roller, and hydrostatic bearings in high-speed cryogenic 
turbopumps. The concept of clamping bearings was described in 
“Damping Seals and Bearings for a Turbomachine” (MFS-28345), 
NASA Tech Briefs, Vol. 14, No. 9 (September 1990), page 80. To 
recapitulate: a damping bearing includes a smooth journal that 
turns in a stator, the bearing surface of which contains a grid of 
small indented pockets. Pressurized liquid is supplied via orifices in 
the rotor or stator at the midlength of the bearing. 

This work was done by George L. von Pragenau of Marshall 
Space Flight Center. To obtain a copy of the paper, “From 
Labyrinth Seals to Damping Seals/Bearings," write in 26 on the 
TSP Request Card. 

MFS-28754 



Advances in Magnetic Bearings 


A NASA technical memorandum reviews the state of the tech- 
nology of magnetic bearings, focusing mainly on attractive bear- 
ings rather than repulsive, eddy-current, or Lorentz bearings. A 
typical attractive bearing includes U-shaped electromagnets on 
opposing sides of a journal, such that they attract the journal in 
opposing directions. Attractive bearings offer greater load 
capacities than other types do and are preferred for aerospace 
machinery. 

This work was done by David PReming of Lewis Research Cen- 
ter. For further information, write in 47 on the TSP Request card. 
LEW-15674 


HIGH TEMPERATURE 

FURNACE 


<*l 



INSULATION 

MODULE 


ZIRCAR’s High Temperature Furnace In- 
sulation Module System addresses the 
severe thermal and mechanical stresses 
1700 °C puts on the hot-face insulation 
layer of 1700 °C rapid-cycle furnaces. 
ZIRCAR’s insulation modules arc pre- 
assembled insulation systems constructed 
of a graded system of high quality Z1R- 
CAR insulation layers. They provide 
O.E.M. furnace builders easy entry into 
the ultra high temperature fiber lined fur- 
nace market by extending reliable 1700 °C service into production sized furnaces. 
The brochure further details the High Temperature Module System. 

Zircar Products, Inc. 

For More Information Write In No. 692 


FIBER INSULATED HEATERS 

Manufacturers of fiber insulated heaters to 
1200 °C (2190 °F) in standard flat heater panels, 
full and half round cylinders and also custom 
shapes and sizes. Complete range of accessories are 
available. 

Zircar Products, Inc. 

110 North Main Street 
P.O. Box 458 
Florida, NY 10921-0458. 


For More Information Write In No. 693 
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ES 
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eration. Recorder setup and 
data playback & analysis on 
your PC! Battery powered for 
self-contained operation for SO- 
SO days! 
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• CRASH RECORDING 
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systems for on-board, 3-D acceleration measurements: 


Instrumented 
I Sensor 
1 Technology 

4704 Moore St., Okemos, Ml 48864 


CALL, WRITE, OR FAX: 

(517) 349-8487 
FAX (517) 349-8469 


NASA Tech Briefs, February 1994 


For More Information Write In No. 694 


93 






Thin, Strong, Lightweight 

Flexible, endless stainless steel belts 
for driving, conveying, timing, positioning. 
Excellent strength-to-weight ratios; 
up to 280,000 psi tensile strength. 

Widths 1mm to 20', 
thicknesses .002' to .030", 
any length from 6" up. 



METAL BELTS 


Precision Positioning 

Virtually nonstretchable belts and two-ended 
drive tapes for indexing, timing, sensing and 
positioning with nearly zero backlash and 
position error. Smaller, simpler, lighter, less 
costly and more accurate than lead screws, 
gear trains, articulated arms, etc. 




Special Advantages 

Metal belts are ideal for automated 
manufacturing: inert, non-absorbent, easily 
cleaned; suitable for corrosive environments or 
clean rooms. Excellent high temp resistance, 
also thermally conductive for heat sealing and 
heat transfer applications. Electrically 
conductive, static-free. 



Designed for You 


Perforations for sprocket driving, vacuur 
conveying, optical sensing. PTFE and othgf, 
coatings for lubricity or surface protection, fins, 
studs, mounting pads and other attacnments for 
special capabilities. Many choices of metals, 
properties, pulleys and sprockets. 
Just tell us what you need to do! 


1 1 Bowles Road. P.O. Box 468, Agawam. MA 01001-0468 USA 
TEL. (413)786-9922 (800)528-6262 FAX (41 3) 789-2786 


Metal Belts That Drive Productivity 



Mechanics 


Terminal Model of 
Newtonian Dynamics 

A paper presents a study of the the- 
ory of Newtonian dynamics of terminal at- 
tractors and repellers, focusing on issues 
of reversibility vs. irreversibility and deter- 
ministic evolution vs. probabilistic or 
chaotic evolution of dynamic systems. 
The theory developed in this paper is cated 
“terminal dynamics" to emphasize the 
difference between it and classical New- 
tonian dynamics, in which all motions are 
regarded as predictable and reversible. 

The theory of terminal dynamics also 
holds promise for explaining irreversibil- 
ity, unpredictability, probabilistic behavior, 
and chaos in turbulent flows, in ther- 
modynamic phenomena, and in other dy- 
namic phenomena and systems. 

This work was done by Michail Zak 
of Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the 
report, “Terminal Model of Newtonian 
Dynamics," write in 50 on the TSP 
Request Card. 

NPO- 18832 

More About the Enhanced 

Projection-and-Assembly 

Method 

A report discusses the enhanced 
projection-and-assembly (EP&A) method 
and its application to the Galileo 
spacecraft. The EP&A method is a 
method of approximating the dynamics 
of vibrations of large, flexible structures 
by use of mathematical models of 
reduced order. 

The EP&A method and its prede- 
cessor, the projection-and-assembly 
(P&A) method, were described in 
“Enhanced Method of Reduction of 
Mathematical Models” (NPO-18402), 
NASA Tech Briefs, Vol. 16, No. 7 
(July, 1992), page 70 and “Two-Stage 
Reduction of Dynamical Models” (NPO- 
18723), NASA Tech Briefs, Vol. 17, 
No. 10 (October, 1993), page 86. To 
recapitulate; In the P&A method, vi- 
brational and rigid-body modes that 
contribute significantly to the dynam- 
ics of the overall structure are first 
selected, then projected mathemati- 
cally onto the components of the 
structure. The resulting reduced-order 
mathematical models of the compo- 
nents are assembled to obtain a 
reduced-order model of the system 
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that captures the selected modes of 
the system. In the EP&A method, stat- 
ic correction modes are used to cap- 
ture the static contributions of those 
modes that are neglected in the 
reduced-order model of the system. 

This work was clone by Allan Y. Lee and 
Walter S. Tsuha of Caltech for NASA's 
Jet Propulsion Laboratory. To obtain a 
copy of the report, “An Enhanced Pro- 
jection and Assembly Model Reduction 
Methodology for Articulated Multi- Flex- 
ible Body Structures!' write in 87 on the 
TSP Request Card. 

NPO-18577 

Particle-Displacement 
Tracking in Two 
Speed Ranges 

Two NASA technical memoran- 
dums describe the use of particle-dis- 
placement tracking (PDT) to generate 
maps of velocity vectors in flows in two 
different speed ranges. The PDT parti- 
cle-image velocimetry technique is a 
second generation of a particle-track- 
ing technique previously discussed in 
“Processing Laser-Velocimetric Data 
by Vector Scanning" (LEW-14925), 
NASA Tech Briefs, Vol. 14, No. 10 
(October 1 990), page 98. 

This work was done by Mark P. 
Wernet and Alexander D. Pline of 
Lewis Research Center. For further 
information, write in 30 on TSP 
Request Card. 

LEW- 15675 


(Xk) Physical Sciences 


The Greenhouse Effect 
Over Oceans 

A paper presents an analysis of em- 
pirical data to determine the relation- 
ship between water vapor over the 
Pacific Ocean and the surface temper- 
ature of the water. This and similar 
studies contribute to understanding of 
the greenhouse effect, in which the 
atmosphere absorbs part of the ther- 
mal radiation emitted by the surface of 
the Earth, with consequent net warm- 
ing of the atmosphere. 

The data for the analysis came from 
1 7 years of radiosonde reports from 46 
midocean meteorological stations and 
from satellite-borne radiometers. The 
paper describes the method of deriving 


surface humidity and flux of latent heat 
from satellite observations. It reconsid- 
ers older hypotheses on the basis of 
the new data. It discusses evaporation 
as an oceanic thermostat. Finally, it 
discusses the spatial and temporal 
variability of the oceanic greenhouse 
effect. 

This work was done by Wing -Yuen 
Timothy Liu of Caltech for NASA’s Jet 
Propulsion Laboratory. To obtain a 
copy of the report, “Evaporation and Ther- 
mal/Hydrologic Balance in the Pacific,” 
write in 12 on the TSP Request Card. 
NPO-18855 


Aerodynamic Effects of 
Deicing and 
Anti-Icing Fluids 

A report presents the results of 
wind-tunnel tests of the aerodynamic 
effects of deicing and anti-icing fluids 
on airplane wings. The tests were con- 
ducted on a three-dimensional half- 
model airplane and a two-dimensional 
airfoil model at temperatures ranging 
from -29 to +10°C. The fluids used in 
the tests included three commercial flu- 
ids that were available for use during 
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PNEUMA-SEAL 

Pneuma-Seal is an inflatable gasket that when pressurized with 
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You can use Pneuma-Seal as an effective barrier against 
pressure differentials and to seal out water, dust, gas, chem- 
icals, noise and other contaminants. 

Pneuma-Seal is particularly suitable for: 

Large enclosures where it is uneconomical to machine the 
entire sealing surface 

Uneven fabrications where traditional compression gaskets 
or latches are ineffective 

Horizontal or vertical sliding doors or covers that would 
tend to drag on and abrade conventional seals 
Hinged doors where flush thresholds are required 
typical applications include: 

Processing equipment: chemical, food, textile, pharmaceu- 
ticals, dryers, ovens and where rapid sealing and unsealing 
are required 

Pollution control: sound attenuation, hopper seals 
Laboratory facilities: test equipment, clean rooms 
Transportation: military vehicles, aircraft, shipboard, mass 
transit doors and hatches 

Construction: special purpose doors, flood protection 
Pneuma-Seal is available in a wide range of profiles, with 
fabric reinforcing where applicable, and in a variety of rubber 
and silicone compounds to meet harsh environmental conditions. 

Pneuma-Seal is furnished complete, ready to install as 
continuous loops, strips, rectangles, or other shapes to your 
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To obtain a complimentary copy of our designer's handbook, engineering 
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Make sure the air 
filter does justice to 
your O.E.M. design 

Specify Universal, and get air filters custom designed to: 

• Meet your specs precisely 

• Keep your product clean 

• Be easily maintained 

• Withstand serious abuse 

... air filters custom manufactured with a wide choice 
of media, to close tolerances, under strict quality 
control, by people who value their reputation. 

Phone 618-271-7300 or Flax 618-271-8808 while you’re 
thinking about it, for a free sample filter and technical 



On spec ... on time . . . everytime 

Universal air filter 

company 

3400 Missouri Avenue P.O. Box 853 
East St. Louis, Illinois 62203 
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Technology 2003 Conference Proceedings 


If you missed the show, here’s your chance to discover the best 
new technology being generated by U.S. government labs. 
Two-volume set features keynote addresses as well as 1 00 papers 
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* Computer Hardware 
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* Advanced Manufacturing 
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Mail with check or money order to: 

Technology Utilization Foundation 
41 East 42nd St., #921 
New York, NY 10017 
.for credit card orders call <2121 490-3990. 


the 1987-1988 winter season, one discontinued commercial 
fluid (for comparison with data from previous tests), and eight 
newer fluids that were experimental at the time of the tests. 

This work was done by Harold E. Addy, Jr., of Lewis 
Research Center and L James Runyan, Thomas A. Zierten, and 
Eugene G. Hill of Boeing Commercial Airplanes. For further infor- 
mation, write in 28 on the TSP Request Card. 

LEW-15746 

Locating the Geocenter From GPS 
Measurements 

A report presents an analysis of Global Positioning System 
(GPS) measurements taken during a 3-week geodetic experiment 
in early 1991 . The experiment involved the constellation of 15 GPS 
satellites that were operational at that time, plus 21 GPS receiv- 
ing stations at widely distributed sites, all but 4 of which were in 
the Northern Hemisphere. The analysis consisted principally of 
estimation of the location of the center of mass of the Earth (the 
geocenter) relative to the GPS receiving stations. As part of the 
analysis, the GPS estimates of the geocenter were compared with 
estimates obtained by satellite laser ranging (SLR), which is an 
established technique. 

This work was done by Yvonne Vigue, Stephen M. Lichten, 
Geoffrey Blewitt, Michael B. Heflin, and Rajendra P. Malla of Cal- 
tech for NASA’s Jet Propulsion Laboratory. To obtain a copy 
of the report, “Precise Determination of Earth 's Center of Mass 
Using Measurements From the Global Positioning System," write 
in 16 on the TSP Request Card. 

NPO-18883 


Electronic Systems 


Optimum Detection of Slow-Frequency- 
Hopping Signals 


Two papers present theoretical analyses of various schemes 
for the coherent and noncoherent detection of /W-ary-frequency- 
shift-keyed (MFSK) signals with slow frequency hopping. As 
used here “slow frequency hopping” (SFH) means that the rate 
of hopping of the carrier signal between assigned channels is low 
enough that multiple MFSK tones representing data symbols 
are transmitted on each hop. Also as used here, “hop” (as dis- 
tinguished from “hopping") denotes residence of the earner fre- 
quency in one of the assigned channels. Theoretical analyses 
of the detection of SFH signals have not been addressed pre- 
viously in the open literature, and these analyses are more com- 
plicated than is the analysis of fast-frequency-hopping (FFH) 
signals (which involve multiple hops per symbol period). In these 
papers, special attention is focused on the continuous-phase- 
modulation (CPM) subset of SFH/ MFSK signals, for which the 
frequency modulation is such that the carrier phase remains con- 
tinuous (albeit unknown) during each hop. 

This work was done by Barry K. Levitt and Unjeng Cheng of 
Caltech for NASA’s Jet Propulsion Laboratory. To obtain a 
copies of the reports, both of which are entitled “Optimum Detec- 
tion of Frequency-Hopped Signals," write in 60 on the TSP 
Request Card. 

NPO-18942 
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National 

Design Engineering 
Show & Conferee 


NATIONAL MANUFACTURING WEEK — 

March 14-17, 1994 — consists of four inde- 
pendent, yet inter-related trade shows 
focusing on each phase of the man- 
ufacturing process. As an NDES 
attendee, you'll have FREE 
cross-over privileges to all the 
other exhibits. That way, you can per- 
sonally visit nearly 2000 vendors and find 
new solutions to tough problems. ..have spe- 
cific questions answered by experts. ..compare 
products and prices... and condense weeks of re- 
search into a matter of moments. NMW truly is "The 
Preeminent Industrial Trade Fair of the U.S.'' 



NATIONAL MANUFACTURING WEEK 



FOR YOUR FREE SHOW ADMISSION TICKET OR ADDITIONAL CON- 
FERENCE INFORMATION. MAIL THE COUPON BELOW TODAY — OR 
FAX IT TO (203) 324-4240 


“FROM SURVIVING TO THRIVING” 

March 14-17, 1994 

McCormick Place North Chicago, Illinois 

*The 1994 NATIONAL DESIGN ENGI- 
NEERING SHOW & CONFERENCE is 

the largest OEM event in the Northern 
Hemisphere! It's a powerful learning 
experience where you'll uncover 
new applications and solutions 
— and come away with tools and 
strategies you can put to work imme- 
diately to: Keep your company's 
products on the leading edge of design • Pre- 
dict and control costs • Shorten your time-to- 
market window • Enhance your own professional 

development 

•PUT YOUR HANDS ON OVER 25,000 DESIGN PROD- 
UCTS FROM MORE THAN 1,000 LEADING VENDORS. 
Discuss design specs directly with manufacturers... 
compare vendor prices... explore exciting new 
components and materials for: CAD/CAM/CAE/CIM 

• Design Engineering Services * Document Imaging Equipment 

• Electrical Equipment • Electronic Equipment • Electro-Optic 
Equipment • Engineered Materials * Joining Systems and Fas- 
teners • Mechanical Components • Motion Control • Sensors 
and Controls • Shapes and Forms • and more... ! 

•A VALUABLE EXPERIENCE FOR EVERY MEMBER 
OF YOUR TEAM: • Design Engineering Management • 
CAD/CAM Managers • Electrical/Electronic Engineers • 
General/Corporate Management • Manufacturing Engineers 

• Mechanical Engineers ■ Project Engineers • Purchasing 
Managers • QC/Testing Engineers • R&D Engineers - Sales/ 
Marketing Personnel • Technical Directors 



A7T7C! f □ p|ease rush m v free show 

• ADMiSSION TICKET— a $25 value! 

□ Please also send me information on 
attending the NDES Conference. 

□ Please send me information about 
exhibiting. 

Print Name 

Title 

Company 

Address 

City State Zip 

Phone ( 1 Fax( 1 

NT2 


Mail today to: 1994 NDES 

Inquiry Fulfillment 
999 Summer Street 
Stamford, CT 06905 

Fax to: (203) 324-4240 


For the trade only. No one under 18 admitted. Student groups may 
apply for admission to the last day of the event only. Requests must 
be made in writing at least 30 days in advance. Please call (203) 
352-8239 with any questions. 

For More Information Write In No. 670 
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Free catalogs and literature for NASA Tech Briefs’ readers. 
To order, write in the corresponding number 
on the Readers Information Request Form (page 99). 


PRECISION 
MOTION 
CONTROL 

API’s 132 page motor sys- 
tems catalog is a complete 
source for motion control 
technical, application, and 
product data. Definitions, 
market applications, com- 
parison charts, specifica- 
tions and diagrams, simpli- 
fy the selection/application 
process. API products range from full/half step driver 
modules to high performance microstep systems. Contact 
American Precision Industries, Controls Division. Tel: 
716-631-9800; Fax 716-631-0152. 

American Precision Industries 


RAPIDSYN 
STEP MOTORS 

American Precision In- 
dustries’ 20 page product 
guide is a complete source 
for technical, application 
and product data for 
sclecting/applying Rapid- 
syn step motors. Sections 
include Construction and 
Technology, Formulas and 
General Motors Specifica- 
tions. Size 23, 34. and 42 Step Motors, AC Synchronous 
Motors and General Driver information. Contact 
American Precision Industries. Rapidsyn Division, 3229 
Roymar Road, Oceanside, CA 92054. Tel: 619-439- 
7500; Fax: 619-722-5428. 

American Precision Industries 


WASHERS 
AND SPACERS 

FREE! Boker’s new 32- 
page Catalog ‘93 offers 
11,000 non-standard sizes 
with no tooling charges. 
Outside diameters of 
0.080" to 2.631", a wide 
variety of inside diameters 
and thicknesses, and 2,000 
material variations create 
millions of possibilities. 
Materials include low carbon, cold rolled strip and sheet 
steel; five types of spring steel; stainless steel; alumi- 
num; brass; copper; nickel silver, and such non-metailic 
materials as Delrin®, Teflon®, Mylar®, and nylon. 
Metric sizes also. 

Boker’s, Inc. 





For More Information Write In No. 300 


For More Information Write In No. 301 


For More Information Write In No. 302 


APP POSITION 
CONTROLLED 
VALVE 

The Advanced Pressure 
Products Remote Position 
Controlled Valve provides 
a very cost-effective remote 
controller for metering valves. The valve is controlled by 
a single analog voltage which determines the desired 
position of the valve. The controller moves the valve to 
match this target position. Automatic limit protection is 
provided. Control can be provided from a simple remote 
potentiometer or an analog voltage or milliamp output. 
Advanced Pressure Products, Cornell U. Research Park, 
Bldg. 4, 83 Brown Rd., Ithaca, NY 14850-1298. Tel: 1- 
800-APP- VALVE (1-800-227-8258). 

Advanced Pressure Products 


APP CUSTOM 
CONTROL 
SYSTEMS 

Advanced Pressure Pro- 
ducts designs custom pres- 
sure and flow control sys- 
tems to meet your specifi- 
cations. By combining APP on-off, metering and servo 
controlled valves, pressure generation systems, flow 
meters, pressure gauges, and other components, APP can 
provide solutions ranging from small desktop applica- 
tions to complete automated laboratory and process con- 
trol needs. Advanced Pressure Products, Cornell U. 
Research Park, Bldg. 4, 83 Brown Rd., Ithaca, NY 
14850-1298. Tel: 1 -800-APP-VALVE (1-800-227- 
8258). 

Advanced Pressure Products 





Electron Dynamics Divi- 
sion of Hughes has re- 
leased a 16 page catalog 
which describes a broad 
range of TWT, TWTA 
and Instrumentation Amp- 
lifier products for defense, 
space and commercial mar- 
kets on a world wide basis. 


Hughes Electron Dynamics Div. 

Tel: 310-517-6000; Fax: 310-517-6714 


For More Information Write In No. 303 


For More Information Write In No. 304 


For More Information Write In No. 305 


FURNACES 

lARaStuE as= 



LAB/TEST 

FURNACES 


A 36-page catalog (Bulletin 
3110) describes lab/test 
furnaces manufactured by 
Applied Test Systems. 
Furnaces available in tubes, 
splits, or boxes in configu- 
rations and sizes designed 
to specific customer re- 
quirements. Features in- 
clude: low power consump- 
tion, fast heat-up, long element life, low shell tempera- 
ture, stainless steel shell. Temperature to 3100 °F. 


if/ 




Applied Test Systems, Inc. 


MASS FLOW 
METER 

APPLICATIONS 
HANDBOOK 

The new handbook con- 
sists of a series of K-Flow 
application solutions. The 
“Application Handbook" 
illustrates the flow process 
configuration and ABB K- 
Flow flowmeter/ transmitter 
systems used in a variety of process applications. 
Applications covered include Mass (Liquid, Gas, Multi- 
Component), Density (SG, API, Brix), %Solids, 
%l.iquids, PID, Ratio Blending, Batching, 
Proportioning, etc. 

ABB K-Flow 


DESIGN 
OPTIMIZATION 
SOFTWARE 
WITH FEA 
ENGINEERING 
BUILT-IN 

Free catalog. See why Algor 
is a world leader in engi- 
neering design optimiza- 
tion in which FEA is tight- 
ly integrated. Includes 
solid and surface modeling. Enables engineers to finalize 
designs before the CAD documentation phase. All popu- 
lar FEA analyses, including nonlinear. For DOD and 
UNIX. Adds value to all CAD, CAM and CAE setups. 
Tel: 412-967-2700; Fax: 412-967-2781. 




For More Information Write In No. 306 


For More Information Write In No. 307 


For More Information Write In No. 308 


98 


NASA Tech Briefs, February 1994 







Multiple Pages Intentionally Left 

Blank 



LITERATURE SPOTIIUIT 


Free Literature/To Advertise call (800) 944-NASA 



REAL-TIME 
SIMULATION 

The SCRAMNct™ Net- 
working System combines 
the real-time speed of 
replicated shared-memory 
with the flexibility of a 
— fiber optic LAN for micro- 

second response. This 
FREE Application Note 
illustrates how distributed 
simulations were made 
possible through the use of SCRAMNct. 


Systran Corp. 


For More Information Write In No. 310 


FREE 

ENCLOSURES 
CATALOG 

More EMI/RFI shielded 
cabinets are offered. 
Shielding effectiveness test 
data have been revised. 
Earthquake reinforced en- 
closures have been added. 
New dual dimensioned tech- 
nical drawings in this 300+ 
page catalog on modular 
cabinets, sloped front consoles, electronic desks, comput- 
er furniture and instrument cabinets. Selections for ex- 
press shipping in five days. Catalog #500-5 is available in 
print version or as an IBM-compatible software program. 

Equipto Electronics Corp. 

For More Information Write In No. 311 



BREAK- 
THROUGH 
PORTABLE 
INSTRUMEN- 
TATION 
RECORDER 

The Storcplcx Portable 
Instrumentation Recorder 
is designed for highly effi- 
cient and accurate data 
acquisition in both labora- 
tory and field use in the automotive, marine, medical, 
power and energy, defense and aerospace industries. 
Address: 15375 Barranca Parkway. Suite H-101, Irvine, 
CA 92178. Tel: 800-847-1226; Fax: 714-727-1774. 

Racal Recorders, Inc. 

For More Information Write In No. 312 



CATALOG 
DESCRIBES 
DATA 

ACQUISITION 
SYSTEMS 

General and specialized 
data acquisition systems arc 
y described in this new cat- 
alog from Hi-Techniques. 
^ WTL r Modular in design, these 

" products contain all the 

software for acquisition of signal data, calculation of data 
parameters, and output of finished documentation for 
research and routine test applications. Tel: 608-221-7500. 

Hi-Techniques, Inc. 

For More Information Write In No. 313 



OXYGEN 
ANALYZERS 

A full-color brochure in- 
troduces a complete line of 
oxygen analyzers for the 
laboratory or process line. 
They are ideally suited for 
monitoring the oxygen lev- 
els in all types of gas 
streams. Trace oxygen lev- 
els from ppb to 100% arc 
accurately determined by 
these ruggedly constructed instruments. No periodic 
maintenance or special operator skills arc required. 
Intrinsically-safe and battery-operated models are also 
available. 

Illinois Instruments Inc. 

For More Information Write In No. 314 



GPS- 

SYNCHRO- 
NIZED TIMING 
PRODUCTS 

TrueTimc’s Precision 
Timing Products catalog 
features GPS-Synchronized 
Clocks in rackmount, 
portable, and board-level 
configurations. Includes 
illustrations and product 
specifications for our complete line of Synchronized 
Clocks, Time Code Products, and Remote Displays to fit 
a variety of time and frequency applications. 

TrueTime, Inc. 

For More Information Write In No. 315 



FLEXIBLE 
BORESCOPES 

Visual inspections can be 
made easy with the use 
of a flexible borescopc. 
Machida, Inc.’s new bro- 
chure details their com- 
plete line of quality flexible 
borescopes designed for 
various industrial inspec- 
tions. Also highlighted are 
specialized turbine inspec- 
tion kits, blending borescopes, scopes with channels and 
working tools, video systems, light sources and borescopc 
accessories. Tel: 800-431-5420. 

Machida, Inc. 

For More Information Write In No. 316 




SUBMINIATURE BALL SLIDES 

Low friction, compact, economical ball slide assemblies 
arc the most efficient way to reduce friction in reciprocat- 
ing mechanisms in automated equipment. Slides install 
with only two fasteners using standard prcdrilled mount- 
ing holes. Lightweight aluminum carriage and base, and 
subminiature models make these slides ideal for high 
speed robotics and test equipment applications. Prices 
begin at $49 for model D-l. All slides are 100% inspected 
and available from stock. For a forty page product guide 
including specifications, ordering information, and prices 
please call: 1-800-245-5013; Fax: 203-778-2721. 

Del-Tron Precision Inc. 

For More Information Write In No. 317 



OPTICAL 

.ENCODERS 


OPTICAL 

ENCODERS 

DRC’s expanded 100 page 
catalog provides detailed 
electrical and mechanical 
specifications for a broad 
line of linear, rotary', and 
modular optical encoders. 
We stock certain models 
for 3 day shipments, and 
we give special emphasis 
on fast response to custom 
OEM designs. 


Dynamics Research Corporation 

For More Information Write In No. 318 


EMCOR’S 
EMI/RFI 
ENCLOSURES 

Emcor offers two options 
for shielding EMI/RFI 
emissions: the FCC Level 
Scries covers commercial 
and industrial require- 
ments while the TEMP- 
EST-stylc series is used 
when higher levels of 
attenuation arc required. 
Emcor Products, 1600 4th Avenue N.W., Rochester, 
MN 55901. Tel: 507-289-3371. 

Emcor Products 

For More Information Write In No. 319 



•SD 


ULTRA-HARD 
MATERIALS 
FABRICATION 

Insaco’s brochure describes 
the custom manufacture of 
components in sapphire, 
ruby, quartz, ceramics of 
all types including glass- 
ceramics, alumina, zirco- 
nia, carbides, and nitrides. 
The company routinely 
fabricates these materials for applications in optics, chem- 
istry, vacuum, bearings, electronics, nuclear, space and 
medicine. Tolerances are measured in millionths of an 
inch with surface finishes in angstroms and flatness to 
fractions of a wavelength. Tel: 800-959-0264; Fax: 800- 
959-0267. , . 

Insaco, Inc. 

For More Information Write In No. 320 


RUGGED AIR- 
BORNE VIDEO 

The V301 provides several 
features and benefits, 
including an innovative 
software package allowing 
a personal computer to 
function as a serial control 
device. In tightening bud- 
gets life cycle costs, reten- 
tion of mission data, main- 
tainability, reliability, con- 
figuration control and product support are more impor- 
tant than price alone. 

Photo-Sonics Inc. 

For More Information Write In No. 321 



NASA Tech Briefs, February 1994 


101 





LITERATURE SPOTLIGHT 


Free Literature/To Advertise call (800) 944-NASA 


NEW! OPTICAL 
REFERENCE 
CATALOG 

Edmund Scientific’s free 
220-page, full-color annual 

( reference catalog features 
one of the largest selections 
of precision off-the-shelf 
optics and optical instru- 
ments, plus a complete line 
of components and acces- 
sories for both large volume OEM users as well as smaller 
research facilities and optical laboratories. It contains 
over 8,000 hard-to-find items, including a large selection 
of magnifiers, magnets, microscopes, telescopes, and 
accessories. Tel: 609-573-6280. 

Edmund Scientific Co. 

For More Information Write In No. 322 




ADVANCED 
COMPOSITE 
WORKSHOPS 
—SINCE 1983 

The brochure describes 
eleven different “hands-on” 
workshops in advanced composite materials technology. 
These workshops cover fabrication, repair, manufactur- 
ing, tooling, blueprint reading, adhesive bonding, engi- 
neering design for specialized repairs, and ultrasonic 
inspection of composites. Emphasis is placed on prepreg 
carbon and aramid fiber materials and processes, utilizing 
vacuum bagging and high-temperature curing methods 
in the oven and autoclave. REFRESHER WORK- 
SHOPS OFFERED. Call toll-free 1-800-638-8441. Fax 
702-827-6599. 

Abaris Training Resources, Inc. 

For More Information Write In No. 323 


TRI’S RE- 
SEARCHERS 
SOLVE METAL 
WEAR 
PROBLEMS 

Brochure describes how 
TRI (Theoretical Research 

Institute), General Magna- 

plate's research subsidiary, helps engineers/designers by 
developing new, yet cost-effective and practical ways to 
enhance metal surfaces. TRI is at the technological fore- 
front of tribology and metallurgy seeking solutions to 
performance and wear problems of metal parts. 

General Magnaplate Corp., 

1331 Route 1, Linden, NJ 07036; 

Tel: 908-862-6200; Fax: 908-862-6110. 

For More Information Write In No. 324 



MAGNETIC 
SHIELDING 
CABLE, 
CONDUIT, 
SLEEVING & 
WIRE 

This literature details ap- 
plications for Magnetic 
Shield’s Inter-8 Weave cable, Spira-Shield Flexible con- 
duit, CO-NETIC Braided Sleeving, and CO-NETIC AA 
Wire. Each product’s specifications arc described. All 
materials are in stock. Custom variations also available. 
MAGNETIC SHIELD CORPORATION, 740 N. 
Thomas Drive, Bensenville, IL 60106. For more infor- 
mation call 708-766-7800. Fax: 708-766-2813. 

Magnetic Shield Corp. 

For More Information Write In No. 325 




LABORATORY 
INSTRUMENTS 
AND 

EQUIPMENT 

New! Free! 

1 994 Gardco Catalog 

• 1200 Pages 

• Paint Testing Instruments 

• Corrosion Control Gages 

• Coating Inspection Gages 

• Friction & Wear Testers 

Packed with hundreds of new product descriptions. 
Instructions, specification references and prices. Includes 
20 new Gardner Machines for Washability, Friction and 
Wear Testing. Section on Viscosity includes thirty-five 
documented calibrated Viscosity Cups. 

Paul N. Gardner Company, Inc. 

For More Information Write In No. 326 
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3D IMAGING 
SURFACE 
STRUCTURE 
ANALYZER 


NnvVirw 100 provides 3D 
images and measurements 
of metal, paper, crystals, 
ceramics, etched materials, 
magnetic media, polymer 
films, fibers.. .quickly, easi- 
ly, and without contact. 
5 A Z resolution over 100 pm range, independent of 
objective magnification. 2.0 pm/sec scan speeds and up 
to 480 x 540 imaging available. Point-and-dick software 
is research capable, with simultaneous display of 3D 
image, data analysis, and instrument control. 

Zygo Corporation 

For More Information Write In No. 327 


■s -g, ELECTRONIC 

^ HARDWARE 
CATALOG 

Broadest selection of hard- 
ware for electronic assem- 
_ blies. 350-page free catalog 

J'j " - 1 includes a full range of 
f Nt * standoffs, captive screws 
and nuts, chassis fasteners, 
handles, ferrules, spacers 
and washers. Special sec- 
tions — new, unusual prod- 
ucts, metric information and Mil-plating specifications. 
Full inventory, fast turnaround, samples. Tel: 1-800- 
237-0013; Fax: 201-661-3408. 

Accurate Screw Machine Co. 

For More Information Write In No. 328 
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100 kHZ FFT 
SPECTRUM 
ANALYZERS 

SRS spectrum analyzers offer 
90 dB dynamic range, fre- 
quency spans from 191 MHz 
to 100 kHz and a fast 100 
kHz real-time bandwidth. 
The SR770’s low distortion 
(-80 dBc) source generates 
sine waves, two-tone sig- 
nals, white and pink noise, and frequency response mea- 
surements (to 100 kHz) with 0.05 dB precision. Both 
analyzers include THD, 1/3 octave, band and sideband 
analysis, GO/NO GO testing, selectable window func- 
tions and post acquisition math. Tel: 408-744-9040. 

Stanford Research Systems 

For More Information Write In No. 329 
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STOCK 
SPRING 
CATALOG 

Stock Spring Catalog from 
Mid-West Express, divi- 
sion of Mid- West Spring, 
Romeovillc, IL, describes 
its full-line of stock springs 
and kits. Music wire plated 
and stainless steel com- 
pression and extension 
springs, die springs, stain- 
less torsion springs and continuous springs are included. 
Call 800-346-1400. 

Mid-West Express 

For More Information Write In No. 330 
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OVENS & 
FURNACES 
UP TO 2700 °F 

Capabilities, specifications 
and prices for over 250 
standard ovens and fur- 
naces to 2700 °F as well as 
custom-designed heat pro- 
cessing systems. Includes: 
laboratory, bench, cabinet, 
truck, walk-in and convey- 
or ovens; clean room and 
pharmaceutical ovens; laboratory and industrial furnaces 
and environmental test chambers. For baking, drying, 
pre-heating, annealing, stress relieving, curing, sterilizing, 
depyrogenation and heat treating. Tel: 708-546-8225. 

The Grieve Corporation 

For More Information Write In No. 331 


MECHANICAL 
TESTING 
CATALOG 

MTS Direct is your one- 
stop source for mechanical 
testing equipment. Select 
from hundreds of products 
offered by leading compa- 
nies, including: hardness 
testers, grips, data acquisi- 
tion systems and many oth- 
ers. Toll-free phone and fax 
ordering. Direct shipment. 30-day money-back guaran- 
tee. Free 1 50-page color catalog. 

Call 1-800-925-0505. 

MTS Direct 

P.O. Box 46210, Eden Prairie, MN 55344-2910 

For More Information Write In No. 332 



PRECISION 
POSITIONING 
AND MOTION 
CONTROL 

155 page catalog covers 
NEATs expanding line of 
Precision Positioning Com- 
ponents and Systems. 
Featured arc single-axis, 
X-Y, multi-axis, rotary, high 
vacuum, and air bearing 
stages. NEAT provides complementary stepping and ser- 
vo motor drives and controls, as well as turnkey solutions 
to automation, inspection, and production requirements. 
Stage travels range from 2-30+ in. with a repeatability of 
1 pm, speeds to 80”/sec. and resolutions to 5 nm. 

New England Affiliated Technologies 

For More Information Write In No. 333 



102 


NASA Tech Briefs, February 1994 








LITERATURE SPOTLIGHT 


Free Literature/To Advertise call (800) 944-NASA 



suring temperature up to 
2400 °F arc detailed in this 
72-pagc catalog. Accuracy 
of 0.2%, response time 0.2 
sec. Temperatures of fluids 
& gases, stationary & moving surfaces, moving wires, 
ICs can be measured. Measurement of flat, round & 
irregular surfaces. Probes for use in the plant, lab or field. 
Accuracy traceable to NIST. Tel: 800-457-2999. 


NSTRUMENT AND 
TlfcRMOCCXJPlF PROBES 


TEMPERA- 
TURE MEA- 
SUREMENT 
INSTRUMENTS 
AND PROBES 

Over 3000 units for mea- 


Anritsu Meter Co. of America 


VARITASK™ 
TECHNICAL 
DESKING 
SOLUTION 

Mayline's VariTask solves 
ergonomic problems for 
intensive computer users. 
Large work surfaces have 
power-adjust height and 
tilt controls. Great for 
CAD environments where 
drawing tablet and second monitor arc needed. FREE 
full-color brochure. Video available upon request. 

The Mayline Corporation 


STANDARD 
AND CUSTOM 
POWERMAX™ 
STEP MOTORS 

New 18-page specifier’s 
guide features Power- 
max™, the highest torque 
available from NEMA 23 
hybrid step motors. Illu- 
strates standard motors 
and dozens of popular 
modifications made economical by flexible manufactur- 
ing. Pacific Scientific, Rockford, IL. Tel: 815-226-3100. 
Fax: 815-226-3080. 

Pacific Scientific 




For More Information Write In No. 334 
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Many new ball screw and 
ball nut sizes have been 
added to our ball screw 
product line, including 
metric models. New low 
cost Supernuts that feature 
a patented preload adjust- 
ment give positioning 
repeatability of less than 
.0005" and arc offered for 
every leadscrcw size. These 
new products are featured 
in the new BS&A catalog 
no. 94, as well as a com- 
plete line of bearing units, linear bearing assemblies and 
more. For catalogs or engineering assistance call: 800- 
882-8857. Fax: 408-629-2620. 

Ball Screws & Actuators Co. 

3616 Snell Avenue. San Jose, CA 95316. 

For More Information Write In No. 337 



LOW SPEED WIND TUNNEL TESTING 

ViGYAN Inc. offers aerodynamic testing in its Hamp- 
ton, Virginia facility. An open-return wind tunnel, with a 
test-section of 3 ft. height and 4 ft. width and a speed 
range of 27 to 122 miles per hour, has excellent flow 
quality as represented by a turbulence level under 0. 1 %. 
Aircraft models up to 30 inches in span can be tested for 
forces/moments and pressures at angles of attack up to 
70 degrees and sideslip angles up to 20 degrees. 

ViGYAN Inc. 


PRESSURE 
TRANSDUC- 
ERS/TRANS- 
MITTERS 

Taber pressure transduc- 
ers/transmitters arc out- 
lined in a new brochure. 
They arc available in low 
and high models in a vari- 
ety of pressure ranges. 
Differential transducers 
provide high differential 
overload pressure and high line pressure capability. 
Oceanographic transducers are completely submersible, 
highly accurate pressure sensors. For more information 
contact: John Pindcr. Tel: 800-333-5300. 

Taber Industries 
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SELECTOR 
CHART ES-160 

Conap, Inc. supplies epoxy 
and polyurethane potting 
systems, conformal coat- 
ings, adhesives, sealants, 
tooling resin systems and 
elastomers to the electron- 
ics, computer, aerospace, 
defense, and related indus- 
tries. Conap, Inc., 1405 
Buffalo Street, Olean, NY 
14760. Tel: 716-372-9650. 


Conap, Inc. 


NEW LINE OF 
OVENS 

Despatch Industries intro- 
duces a major new line of 
industrial ovens value-engi- 
neered to provide industry 
with dependable heat pro- 
cess equipment at a very 
attractive investment cost. 
Brochure describes the new 
ENCORE™ ovens engi- 
neered for exceptional 
value versus cost. Bench, reach-in, large batch and con- 
tinuous ovens available. 

Despatch Industries, 

PO Box 1320, Minneapolis. MN 55440. 

Tel: 1-800-860-3944. Fax: 612-469-4513. 


REAL-TIME 
MULTI- 
PROCESSOR 
SYSTEMS 

Comprehensive 4C bro- 
chure and MAXION™ 
data sheets provide com- 
plete product specifications 
on Concurrent’s new stan- 
dards-based real-time open 
computing systems. This 
system incorporates a revolutionary crosspoint multipro- 
cessing architecture which eliminates performance bot- 
tlenecks encountered in traditional bus architectures. 
Call today: 1-800-631-2154. 

Concurrent Computer 




For More Information Write In No. 340 


INSTRUMENTS 
CATALOG 

The 1993-1994 Cole- 
Parmer catalog features 
over 1500 full-color pages 
and describes more than 
35,000 products covering 
instruments, equipment, 
and supplies. The catalog 
features 32 pages of new 
products, special technical 
data and conversion factor 
sections, a newly-organized fittings section, and an 
expanded chemical resistance chan. Tel: 800-323-4340. 

Cole-Parmer Instrument Co. 

For More Information Write In No. 343 
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ADHESIVES/ 
SEALANTS/ 
COATINGS 

Master Bond, Inc. manu- 
factures over 3000 grades 
of adhesives, sealants, and 
coatings. Line consists of 
epoxies, anaerobics, cyano- 
acrylates, silicons, and 
acrylics. Both one- and 
two-part systems. Systems 
are designed to meet specific requirements. Onc-on- 
one assistance available with our highly knowledgeable 
technical staff. Td: 201-343-8983; Fax: 201-343-2132. 

Master Bond, Inc. 

For More Information Write In No. 344 


For More Information Write In No. 342 


POWER 
CONVECTION® 
VACUUM 
FURNACES 

Surface® Combustion of- 
fers a two-page “sell sheet” 
featuring its standard line 
of Power Convection, Sin- 
gle Chamber Vacuum 
Furnaces, designed for per- 
forming high quality heat 
treating processes includ- 
ing annealing, hardening, 
sintering, brazing, and other special vacuum processes. 
Specifications and performance data arc listed. Tel: 419- 

891-7150; Fax: 419-891-7151. 

Surface Combustion, Inc. 

For More Information Write in No. 345 



ADHESIVES 

SEALANTS 

COATINGS 


3*^1 i *~ 



NASA Tech Briefs, February 1994 


103 








LITERATURE SPOTLIGHT 


Free Literature/To Advertise call (800) 944-NASA 



A NEW 
APPROACH 
TO SCIENTIFIC 
DATA 
ANALYSIS 


4^4 >■“- Analysis Advisor is a free 

interactive analysis soft- 
ware tutorial that includes 
demonstrations of graphical and traditional program- 
ming methodologies for analysis. You can investigate 
Digital signal processing, Digital filtering. Windowing. 
Curve fitting, Signal averaging. Simulation, 
Interpolation, and Descriptive statistics. Requires 
Windows 3.1 and 8 MB of memory. Td: 512-794-1 100, 


800-433*3488 (US and Canada); Fax: 512-794-8411. 

National Instruments 


MCP’s versatile Cool Spray 
Modclmaking produces 
molds (tooling) quickly 
and economically. The 
process creates durable and 
exact metallic shells utiliz- 
ing (patterns or) models of 
any type material including 
SLA. Precise dimension 
and reproduction arc 
achieved while reducing 
costs and build time to 
10% that of traditional 
metal tooling. 

MCP Systems, Inc. 

Tel: 203-367-7761; Fax: 203-368-4787. 


RAPID 

PROTOTYPING 
WITH MCP 
VACUUM 
CASTING 
SYSTEM 

With the MCP Vacuum 
Casting System you can 
produce all the precise 
copies you require for your 
product development and 
testing purposes such as for TV and computer housings, 
automotive components, household plastic components, etc. 

MCP Systems, Inc. 

Tel: 203-367-7761; Fax: 203-368-4787. 




For More Information Write In No. 346 


For More Information Write In No. 347 


For More Information Write In No. 348 


DATA 

ACQUISITION 
SOLUTIONS 

FREE 288-pagc Data Ac- 
quisition Catalog and Ref- 
erence Guide, now with 
our New Product Supple- 
ment, features Kcithley 
MetraByte’s broad line of 
PC-based hardware and 
software solutions. Sample 
applications and specifica- 
tions included. Request your FREE copy today! 

Keithley MetraByte 

Tel: 508-880-3000 or 800-348-0033; 

Fax: 508-880-0179. 


PROTOTYPING, 
TEST INTER- 
CONNECT 

Call for a complete range 
of Interconnect Solutions 
including hundreds of 
Prototyping Adapters, Test 
Probe Adapters for PLCC 
and Quad Flat Pack. Sur- 
face Mountable Test Adap- 
ters, Programming Adap- 
ters, and other interconnect 
devices. QUICK TURN 
CUSTOM DESIGN SERVICE.... 

Ironwood Electronics 

Tel: 612-431-7025 


NOISE 
CONTROL 
PRODUCTS 

New full-line color bro- 
chure describes world-lead- 
ing SONEX and SONEX 
1 acoustical treatments. 
Ancchoic shapes provide 
400% greater surface area, 
absorbing sound and elim- 
inating excess noise better 
than other materials. The 
brochure highlights new products added to the SONEX 
line, basic applications, forms, and specifications of 
SONEX products for effective noise control and acoustic 
improvement. Tel: 800-662-0032 or 612-520-3620. 

illbruck, inc. 





For More Information Write In No. 349 


For More Information Write In No. 350 


For More Information Write In No. 351 


Hardigg Cases offers over 
225 standard rotationally 
molded transit cases, 
including a full line of 19" 
EIA rack mount cases, 
deck cases, and flange- 
mount cases. Hardigg’s 
expert engineering, manu- 
facturing, and test facilities 
provide start to finish cus- 
tom design capability. A 
complete list of standard 
cases allows for rapid deliv- 
ery.. .as few as three work- 
ing days! Take advantage of over thirty years of experi- 
ence.. .design a Hardigg case into your next project! 


PRECISION 
COUPLING 
COMPONENTS 

Featuring a wide range of 
coupling devices in a vari- 
ety of materials, this 32 
page brochure is the latest 
from Berg. Designed to 
complement the Inch and 
Metric catalogs it contains 
Information Transmitting, 
Shock Absorbing, Mis- 
alignment Couplings. All 
designed and manufactured to meet the exacting 
demands of modern industry. 


PRECISION 
LINEAR 
COMPONENTS 

Featuring a wide range of 
linear devices in a variety 
of materials, this 32 page 
brochure is the latest from 
Berg. Designed to comple- 
ment the Inch and Metric 
catalogs it contains Linear 
Slides, Lead Screws, Linear 
Bearings and various 
Mounting Accessories. All 
designed and manufactured to meet the exacting 
demands of modem industry. 





Hardigg Cases 


W.M. Berg Inc. 

Tel: 516-596-1700; Fax: 516-599-3274. 


W.M. Berg Inc. 

Tel: 516-596-1700; Fax: 516-599-3274. 


For More Information Write In No. 352 


For More Information Write In No. 353 


For More Information Write In No. 354 



NEW 

KEITHLEY- 
DIRECT 
CATALOG 

Keithley Instruments is 
offering its new direct mar- 
keting catalog of selected 
test instruments and acces- 
sories. Many of the compa- 
ny’s DMMs, switches, 
source-measure units and 
accessories arc included. One of the featured products in 
this issue is a new electrometer. Call 1-800-552-1 115 for 
your free copy. 


Keithley Instruments Inc., 

28775 Aurora Rd., Solon, OH 44139. 


For More Information Write In No. 355 


E"i v • w 

OPTO- 


MECHANICAL 

V- a *' ’ ‘ \ 

PRODUCT 


GUIDE 

C. ^ 

Daedal’s new Opto- 


Mcchanical catalog con- 

i. ' JL 

tains hundreds of laborato- 


ry bench optical mounts. 


positioning devices and 


optical hardware. Com- 


plete specifications, dimen- 

sions and pricing are included. All products listed can be 


ordered by phone or fax. can be charged to Visa or 
MasterCard, and arc shipped free to anywhere in the 
continental US. Tel: 800-245-6903; Fax: 412-744-7626. 

Daedal Division 

Parker Hannifin Corporation 
For More Information Write In No. 356 


The Kxplorer 




P? 


COMM 



COSMOS/M 
EXPLORER 

The EXPLORER features 
a state of the an geometric 
modeler, graphic pre- and 
postprocessor, linear and 
nonlinear statics and dy- 
namics, advanced dynam- 
ics, heat transfer, fluid flow 
and optimization in one 
fully integrated package. 
With this wide array of capabilities EXPLORER pro- 
vides tremendous value at a remarkably low price. By 
breaking down the barriers to FEA, EXPLORF-R is 
opening the door to a whole new world of productivity. 
Tel: 310-452-2158 of Fax: 310-399-6421. 

Structural Research & Analysis Corp. 

For More Information Write In No. 357 
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LITERATIM SPOTLIGHT 


Free Literature/To Advertise call (800) 944-NASA 


GPS TNMNG 
ran k ano m»us 



GPS TIMING 
FOR PC 
VMEBUS 

This information folder 
from Bancomm describes 
new PCbus and VMEbus 
board-level Global Posi- 
tioning System (GPS) 
Satellite Receivers. These 
products provide world- 
wide precision time (100 
nanosecond) and frequency 


( 1 part in 1 0E7) references inside the host computer, 


Bancomm 


For More Information Write In No. 358 


m 
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DUAL-LOOP 
INFRARED 
TEMP 

CONTROLLER 

Use 1 or 2 infrared sensors 
coupled to feature-rich 
ANAFAZE multi-loop 
OTUffiflZE PID controllers to remote 
sense temperature & con- 
trol machines, devices, 
processes, etc., accordingly. 
Applications arc anywhere anything is moving, soft, 
sticky, or delicate. Call today for info! ANAFAZE, 334 
Wcstridge Drive, Watsonville, CA 95076. Phone: 408- 
724-3800. Fax: 408-724-0320. 

ANAFAZE 

For More Information Write In No. 359 


STOP 

CORROSION 

LaQue Center’s corrosion 
engineering services pro- 
vide testing programs and 
consulting for failure 
analysis, material evalua- 
tion and selection, envi- 
ronmental-corrosion mon- 
itoring, and on-site corro- 
sion inspections. Natural 
seawater and marine 
atmospheric exposure sites 
support componcnt/cquipment evaluations. Training 
course “Fundamentals of Corrosion and Its Control” 
available for on-site presentation. 

LaQue Center for Corrosion 
Technology Inc. 

For More Information Write In No. 360 



WINDOWS 
FOR 

ENGINEERS 

Windows version of the 
DADiSP Worksheet uses 
Menus and Icons for 
Point-and-Click data ac- 
quisition; data analysis; 
data reduction & editing; 
series and scalar math; 
matrix math; statistics; 
peak analysis; FFTs and 
convolutions; digital filter- 
ing; 3D/4D graphic imaging. For a Free DADiSP Trail 
Kit, call 800-777-5151. 

DSP Development Corp. 

For More Information Write In No. 381 



GEARHEADS 
GALORE 

22-page catalog has com- 
plete technical information 
on full line of precision 
gcarhcads for servo and 
stepper motors. Low back- 
lash, high torque planetary 
and right-angle designs are 
available in ratios from 3:1 
to 100:1, with torques up 
to 1 5,000 in-lbs. The cata- 
log features drawings, cut- 
away views, and application notes. Mounting kits are 
available for any motor. 

Bayside Controls Inc. 

Tel: 516-484-5353. Fax: 516-484-5496. 

For More Information Write In No. 361 



TEMPERA- 
TURE INDICA- 
TORS AND 
MONITORS 

This most extensive line of 
temperature indicating 
products includes sticks, 
label monitors, indicating 
liquids and pellets for pre- 
hcat/post-heat welding. 
The 8-page catalog discuss- 
es hand test kits, metal 
markers and protective coatings. Applications cover 
welding, metal-working, electronics, nuclear and 
machinery. Tempil Division, Tel: 908-757-8300; Fax: 
908-757-9273. 

Air Liquide America Corp. 

For More Information Write In No. 362 



High Vacuum 
Solenoid Valves 


Brass & 
Stainless Steel 

Size 18 - 1/2 -3/4 s r 
Straight • Thru 
Unobstructed Openings 
Viton *A* seals for tow 
outgassmg and 
attainment of tow 
ultimates on the order of 
10* Torr. 

Leak tested and 
guaranteed 

leak tight to helium leak 
detector having 
sensitivity of 6 * 10 ” std 
cc/sec 




VACOA 

21 1 KNICKERBOCKER AVENUE 
BOHEMIA, NEW YORK 11716 

m 516-589-6464 
r-u 516-737-0072 


For More Information Write In No. 363 


Precision Gas 
Metering Valves 


Semi-Conductor 
Applications Include: 

J Evaporation 
J Sputtering 
Ion Implantation 

□ Thin Films 

J Epitaxial Deposition 

□ Gas Mixing 
Meters helium and other 
gases from 1 x 10* std 
cosec to one atmosphere 
Leak tight in dosed position 
to helium leak detector 
having sensitivity to 6x10” 
std cc/sec 

Stainless Steel Valves Are 
Bakeable To 185* C And 
. Pressure To 600 PSI 



VACOA 

2ii KNICKERBOCKER AVENUE 
BOHEMIA NEW YORK 11716 

TEL 516-589-6464 f AX 516-737-0073 


EASY, ECONOMICAL, DIGITAL 
WAVEFORM G ENERATI ON 

1 ser 



For More Information Write In No. 364 


Adtron’s PC-based Data Generation System facilitates 
testing, development and evaluation of digital compo- 
nents and systems, performing the work of numerous 
specialized instruments. DGS offers the capabilities of 
pattern, word and pulse generators while employing the 
cost-effectiveness and convenience of IBM personal 
computers. 

Adtron 

For More Information Write In No. 365 


TESTING 
WITHOUT 
IK WAIT! 

EM 


Quality Mo One Can Boat! 


ANALYTICAL 
SERVICES— 
FAST TURN- 
AROUND 

Brochure describes the 
wide range of materials 
characterization services 
that are provided by the 
firm’s Analytical Services 

described in the brochure 
are surface area, pore and panicle size distribution, densi- 
ty, permeability, chemisorption and pressure testing. Also 
available arc instruments for sale or lease. Tel: 607-257- 
5544. Toll Free in USA and Canada: 1-800-825-5764. 
Fax: 607-257-5639. 

Porous Materials Inc. 

For More Information Write In No. 366 



AUTOMATED 
PRESSURE 
GAGE 

CALIBRATION 
SYSTEM 

Fully Programmable Auto- 
mated Pressure Gage Cali- 
bration System, available in pressure ranges from vacuum 
up to 60,000 psi, interfaces to virtually any computer 
system. Window and DOS version Software provided for 
IBM-PC Compatible Systems. Both electronic and 
mechanical over-pressure fail-safe systems. Tel: 607-257- 
5544. From USA and Canada: 1 -800-APP- VALVE. Fax: 
607-257-5639. 

Advanced Pressure Products 

For More Information Write In No. 367 


APP 


COMPUTER 
CONTROLLED 
VALVES 

Brochure describes compa- 
ny’s line of remote and 
computer controlled on- 
off, metering and servo 
valves, pressure generators, 
automated pressure and 
flow control systems, pres- 
sure gauge calibration sys- 
tems and capability for 
custom configurations. Pressure range from high vacuum 
to 60,000 psi. Tel: 607-257-5544. Toll Free in USA and 
Canada 1-800-825-5764. Fax: 607-257-5639. Address: 
83 Brown Road. Bldg. 4, Ithaca. NY 14850. 

Advanced Pressure Products 

For More Information Write In No. 368 
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New full-color position- 
ing equipment technology 
guide from Anorad pro- 
vides an overview of engi- 
neered morion control 
solutions for many indus- 
tries. including automa- 
tion, laser processing, 
semiconductor and elec- 
tronics. The brochure pre- 
sents Anorad's broad array 
of positioning technologies 
including linear, rotary 
and air bearing stages; linear servo motors and controls. 
An easy use selection guide is included to help users se- 
lect the most appropriate equipment for their application. 


Anorad Corporation 

For More Information Write In No. 369 


SEALING 
ASSEMBLIES 

Conax Buffalo offers a 
28-page catalog on Conax 
Buffalo Pressure and 
Vacuum Scaling Assem- 
blies with comprehensive 
information on soft scaled 
technology for wires and 
probes. Complete technical 
data and ratings for each 
product type, from stan- 
dard scaling glands to complete assemblies, are included, 
as well as information on custom engineering and appli- 
cations. Catalog includes a postpaid reply card for techni- 
cal assistance. 

Conax Buffalo 

For More Information Write In No. 372 

FREE 
CATALOG! 
LINEAR 
MOTION 
COMPONENTS 

All products ship 
within 24 hours. 

• Ball Slides 

• Crossed Roller Slides 

• Positioning Slides 

• Recirculating Bearings 

• Shafts & Supports. 

Call TOLL FREE: 1-800-447-2042, In CT: 203-790- 
461 1, or Fax: 203-748-5147. TUSK Direct, Inc., Clarke 
Industrial Park, P.O. Box 326, Bethel, CT 06801. 

TUSK Direct, Inc. 

For More Information Write In No. 375 


TOOLING 
COMPONENTS 
AND CLAMPS 

This 500-page catalog con- 
tains an assortment of 
components including tog- 
gle clamps, modular fixtur- 
ing, clamping devices, 
power workholding, chuck 
jaws, pins, knobs, drill 
bushings, leveling feet, 
power workhoiding, and 
much more. 


Carr Lane Mfg. 

For More Information Write In No. 378 






NASA’s Proactive Approach To Technology Transfer 

Frank Penaranda 

7V/1&/4 Deputy Assistant Administrator 



As part of the Space Act, NASA is 
required to disseminate the technology 
that it develops for space use to the pri- 
vate sector. 

We realized from the very beginning 
that we had to be proactive. As has 
been said very 
often, technology 
transfer is a con- 
tact sport. We 
have to reach 
you, individually, 
where you live, 
so that you have 
a ready-made 
and easy access 
point to federal technology. 

We’ve established a network of 
agents — non-federal agents, which is 
important because some people feel 
that federal employees don’t know how 
to sympathize and be sensitive to the 
needs of the industrial and commercial 
community. We’ve employed a network 
of individuals with lots of experience in 
the business community, who have 
started businesses of their own, who are 
experts not only in technology but in the 
application of technology, business 
development, and capital acquisition. 
We have structured these agents into 
six Regional Technology Transfer Cen- 
ters that encompass the entire 50 states 
[see list on page 24). Their charter is to 
integrate and link every principal indus- 
trial community in their region to the fed- 
eral laboratory system. 

The reason we divided up the coun- 
try into regions is that we realized the 
communities, the culture, and the indus- 
trial base differ in each of these 
regions. Understanding their particular 
problems would be difficult if we did it 
centrally out of Washington, DC. 

The centers can categorize your 
needs into technology solutions. Very 
often, you may think your need is for 
technology, but probably it is not. It may 
be just money. It may be assistance 
rather than a packaged technology — 
that’s very important because the feder- 
al laboratories offer much more than 
shrink-wrapped technologies that you 
can run with and commercialize. They 
offer capabilities that you, as individuals, 
cannot afford to build. We’re talking 


about expert scientists and engineers as 
well as very expensive facilities. 

The federal labs have an entry 
point — the technology transfer offices. 
We have this network of agents that can 
help you acquire the facilities and capa- 
bilities of any of our agencies. Become 
acquainted with them, talk to them, they 
can help you not just acquire technolo- 
gies, but secure capital, develop busi- 
ness plans, and form alliances with 
other businesses that may be seeking 
similar expertise. The technology, by the 
way, may not be resident to the federal 
laboratories, but to another commercial 
organization. They have access to that 
information, too, and can help you build 
strategic alliances. 

Our emphasis in the past has been 
to take the mature technologies coming 
out of NASA and make them accessible. 
Our new thrust, and clearly the thrust of 
the entire administration, is to empha- 
size partnering. It is believed that the 
best way to insure there’s going to be 
some commercial product coming out is 
a partnership in which the private com- 
pany is putting something on the table. 
The TRP certainly has demonstrated 
that it is a very good vehicle to pursue. 

NASA is going to push strongly dual- 
use technology development either with 
or without partners. The concept of de- 
voting 1 0-20 percent of the federal bud- 
get to more relevant use of federal 
assets and technology to the private 
sector is clearly a goal that we all want 
to achieve. One of the best ways to 
achieve that goal and leverage the entire 
budget of an agency such as NASA is 
to pursue two objectives— the commer- 
cial objective as well as the mission 
objective from its very inception. So 
we’re going to proactively seek the in- 
volvement of the industrial community 
from the time we dream up a planetary 
or aircraft mission so that we can in- 
clude your input in our development plan 
and then can pursue it with dual-use 
goals in mind. □ 


For more information on the TRP, con- 
tact Technology Reinvestment Project, 
3701 North Fairfax Drive, Arlington, VA 
22203-1714, Tel: 1 -800-DUAL-USE. 
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POSITIONS WANTED 


Ph.D in physical chemistry seeks con- 
sulting or captive position in R&D. Good 
professional, communication, and people 
skills. Experience in electrochemistry, 
spectroscopy, biosensors, materials and 
environmental chemistry. Feasibility stud- 
ies, R&D management, literature 
searches. More than 35 papers and pat- 
ents. US citizen. Tel: 508-966-4963. 
Box number 97B 

BSME, 8 years in quality and design 
engineering for power transmission sys- 
tems for commercial/defense applica- 
tions. Inspection for aerospace and ord- 
nance hardware, auditing of quality, prod- 
uct, manufacturing engineering systems 
and cause/corrective action. Knowledge 
of ANSI Y14.5, GDT inspection meth- 
ods, multi-axis machiningand gear grind- 
ing. Willing to travel. Tel : 2 1 6-884-31 42. 
Box number 98B 

Sensible technical communications: pro- 
posals, technical presentations, manu- 
als, handbooks, form design. Background: 
program manager, technical writer, in- 
structor with hands-on EE background & 
TQM experience in aerospace and com- 
mercial development/production and 
technical/project team leadership. Con- 
tract or permanent. BSEE, MEE; certified 
professional manager. 

Box number 99B 

Senior manager with 25 years experi- 
ence in all phases of manufacturing engi- 
neering and operations in hybrid micro- 
electronics and semiconductors. Major 
strengths in capital and expense control, 
organizing, planning, communication, 
cost reductions and problem solving. 
Demonstrated ability to create and sus- 
tain support of multiple factories from 
start-ups to expansions. 

Box number 1C 

Industrial laser applications, R&D, job 
shop management and services, quality 
control, customer service, and lasers sys- 
tems. Long experience in development 
of welding, drilling and cutting processes 
for aerospace, medical products, and 
other high tech industries. Would con- 
sider providing consulting services or 
full-time positions. I have always been a 
key player at all my previous positions. 
Box number 2C 

P&L responsibility (sales, service, mar- 
keting, manufacturing) for multimillion 
dollar industrial product/systems integra- 
tion for major computer company. Over- 
hauled hardware/software marketing 
strategy yielding 40% revenue (worksta- 
tion 800,000 units/year) CAGR. Excep- 
tional ability to identify value-based high- 
profit opportunities, define user/product 
needs, develop/implement strategies. In- 
ternational sales development. MSEE. 
Box number 3C 

Registered electrical engineer actively 
recruiting new employer. Principal area 
of interest: computer applications in 
power engineering. Project manager, 
software systems engineer. Combination 
of skills: computer systems, power sys- 
tems, and practical hands-on experience. 


Productive in all phases of control sys- 
tems and software development . MS, also 
nuclear plant experience. 

Box number 4C 

Sr. project engineer. BSEE, secret clear- 
ance. Energetic self-starter. Excellent 
communications skills. Over 1 0 years in 
the aerospace industry, including com- 
puter integration of embedded real-time 
systems, electro-optical test, ATE, analog 
and digital design. Proven record of prob- 
lem solving and work around plans. Soft- 
ware and systems requirements to DOD 
2167A. Willing to relocate. 

Box number 5C 

Engineering/project management: 20+ 
years, background in industrial furnaces, 
aluminum, recycling, refractory, melt- 
ing, casting, heat treating, field installa- 
tion, and startup. Foreign experience, 
practical financial and marketing know- 
how, business development, excellent 
communicator, performance-oriented. 
Seeking senior level position, open to 
travel, location and salary open. 

Box number 6C 

Ph.D physical chemist/surface scientist. 
5+ years as research director in coatings 
R&D firm. Author/PI of 4 SBIR fundings 
(totaling $71 8K) to develop advanced 
coatings for aerospace power/propulsion 
systems. Experienced in vacuum deposi- 
tion, surface diffusion, field emission. 
Auger electron and x-ray photoelectron 
spectroscopy, scanning electron micros- 
copy, and vacuum system design. 

Box number 7C 

MSCS with 20 years computer experi- 
ence. Award-winning software market- 
ing manager. Experienced with UNIX, 
VMS, MS-DOS, several computer lan- 
guages, and computer hardware/elec- 
tronics. Seeking a marketing, product, or 
training manager position or liaison role 
between technical and business disci- 
plines. Willing to relocate, prefer the 
mountainous mid-west. 

Box number 8C 

Ph.D seeking position in space science 
industry or government. Background in 
space pathophysiology, lifesciences/ and 
animal model development. Strong tech- 
nical and management skills, over 10 
years collegiate teaching experience and 
certification in clinical laboratory sci- 
ence. Highly motivated, innovative, team- 
oriented, resourceful, with good com- 
munication skills. Willing to relocate. 
Box number 9C 

Vice President in a $7 million sales engi- 
neering and manufacturing company is 
seeking management opportunity in a 
growth-oriented small- or medium-sized 
company. 30 years experience includes: 
domestic and export sales, organizing 
rapid product development, engineer- 
ing, manufacturing, and university teach- 
ing. Ph.D level education. 

Box number 10C 

Mechanical engineer with liquid super- 
computer cooling experience. BSME from 
U.W. Madison, 6 years experience. Pro- 


ficient in DOS, Windows, AutoCAD, 
Lotus 1-2-3, MS Word, MathCAD, and 
ALGOR FEA. Experience in flow con- 
trol, pump and valve selection, filters, 
tester design, project management, 
FEA, hydraulics, and pressure control. 
Tel: 715-835-5907. 

Box number 1 1C 

Ph.D aerospace engineering. 16 years 
diverse experience in design and R&D of 
projects in aerodynamics, propulsion, 
acoustics, turbulence, and other subjects 
in fluid mechanics (experimental, com- 
putational and theoretical), structural 
dynamics and stress analysis. FORTRAN, 
UNIX, supercomputer proficient. 4 years 
project management. Good publication 
record. Willing to relocate. 

Box number 12C 

Ph D in mechanical engineering with 8 
years manufacturing experience seeks 
development/engineering lead position 
in diagnostic sensing and control of manu- 
facturing processes and machines. Strong 
background in digital signal processing, 
machine instrumentation and computer 
interfacing. DOS, UNIX, C, MATLAB. 
Excellent analytical skills for process 
modeling and signal interpretation. 

Box number 13C 

Imaginative MSEE designer/programmer, 
lately in avionics, medical electronics; 
analog/digital circuits, embedded 
microcontrollers, signal conditioning, 
power control, displays, PCB layout, C, 
FORTH, assembler, AUTOCAD, Novell 
LANs, neural networks. Took multichan- 
nel micro-based aircraft recorder from 
concept to installation. 3 patents. Will 
relocate. Tel: 303-651-3181. 

Box number 14C 

Metallurgist seeks R&D, production or 
design position. MS in materials science, 
BS in metallurgy. Specialties: materials 
characterization, thermodynamics, gas- 
solid reactions, nickel-based superalloy 
processing. 5 years aerospace experi- 


ence; 5 years teaching experience. Will 
relocate. Tel: 510-653-5681. Internet: 
hall@qal.berkeley.edu 

Box number 15C 

Hardware and software documentation 
specialist, with background in manufac- 
turing, statistical process control, net- 
work system support and engineering, 
data analysis, and system diagnostics. 
Experienced in the complete documen- 
tation task throughout the life cycle. 
Thank you for this opportunity. 

Box number 16C 

Internationally known radiation effects 
and hardening expert with 20+ years 
experience. Program and project man- 
agement, systems integration and test, 
and component engineering. Over 50 
publications and 2 patents. Secret clear- 
ance. Ph.D industrial management, 
UCLA. California registered professional 
engineer. Will travel or relocate, prefer 
Southern California. Tel: 310-923-5003. 
Box number 17C 

5 years experience in military avionics 
development. 13 years in USAF. BSEM 
from USAF Academy. ATP with 2000 
hours. Extensive experience in Theater 
Missile Defense. Familiar with contrac- 
tors and federal government agencies 
currently dealing with TMD problem. US 
citizen with TS/SBI clearance. Available 
August 94. Will relocate worldwide. Ref- 
erences available. 

Box number 18C 

Product development specialist has tech- 
nology in wear resistant polymeric mate- 
rials applicable- to biomaterials, gears, 
and bearings. Proven fast track records in 
product introduction, including pros- 
thetic devices, from idea conception to 
product introduction to market in less 
than 3 years with FDA approval. Seeking 
new product challenge on project basis. 
Willing to accept on cost plus profit- 
sharing basis. Tel: 71 7-764-81 1 2. 

Box number 19C 


To obtain resumes corresponding to the above ads, fill 
out this form and mail to: Gregg McQueen, NASA Tech 
Briefs, 41 East 42nd St., New York, NY 10017; or call 
1 -800-944-NASA and ask for Gregg McQueen. 

Send resumes for the following box numbers (limit 5): 

Box Box Box 


Box 


Box 


Name: 


Company Name: 
Street Address: _ 
City/State/Zip: 
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• Low friction Turcon * 
sealing elements 

• Stainless steel cases 
press-fit into seal gland 

• Temperatures to 500 F 

• Pressures to 500 psi 

• Speeds to 10,000 SFPM 


When elastomers fail due 
to chemical attack, high temperature, 
high pressure or excess friction, the 
Varilip™ rotary shaft seal solves the 
problem. Use Varilips for pumps, 
motors, bearing protection, high 
speed gearboxes. FDA service, etc. 
Call for catalog or technical support. 
1-800-466-1727 


/y 


American Variseal 

510 Burbank Street 
Broomfield. Colorado 80020 
Fax:303-469-4874 


A Member of the Busak+Shamban Group 


For More Information Write In No. 532 


ratocon 



HIGH PERFORMANCE ROTARY CONTACTS 


THERMOCOUPLES, 
RTD's, LVDT's 
STRAIN GAUGES, 

1 to 100 contacts! 


Unlike conventional 
slipring designs, the 
unique ROTOCON 
Sealed Mercury Ro- 
tary Contacts are low 
noise, low resistance, 
zero maintenance 
links between sta- 
tionary and rotating 
components. 

. you B gy 


• Zero Electrical Noise 

• Low And Stable Resistance 

• Compact Size 

• Zero Maintenance 

• Environmentally Sealed 

• Rugged And Reliable 

• Unaffected By Vibration 

• Mount In Any Orientation 

A variety of standard and custom 
ROTOCON models are available 
to fit your mounting configuration, 
rotation speed, and current re- 
quirements (up to 2000 Amps!). 


Call: 

BOO-837 -6010 
or 608-836-7571 


(FAX 808 - 831-0300 TELEX 754331) 


meridian laboratory 

P.0. Box 620156, 2415 Evergreen Road, Middleton. Wl 53562-0156 


New on the Market 


The SmartReader portable data log- 
ger from ACR Systems Inc., Surrey, 
BC, automatically records tempera- 
ture, relative humidity, electric cur- 
rent, pressure, or industry-standard 
process variables without plugs, sig- 
nal conditioning, or complex set- 
ups. The palm-size unit has a 
memory of32,000 readings, is pow- 
ered by a ten-year lithium energy 
cell, and connects to IBM PCs to 
display graphs and print data. 



For More Information Write In No. 709 

A digital color video printer trom 
Toshiba America Consumer Prod- 
ucts Inc ., Buffalo Grove, IL, pro- 
vides 1280 x 1024 resolution and 
can display 16.7 million colors. The 
HC- 1 600A Image Master prints full 
size or 2-. 4-, or 1 6-split multi-screen 
images on a single printout, with a 
time-lapse function that shows 
events at intervals of 60, 100, and 
200 ms, and 1 sec. 

For More Information Write In No. 717 

The CrystalEyes™ PC stereo view- ^ he Intelligent OS database man - 
ing system has been announced by agement system Irom Computer 
StereoGraphics Corp., San Rafael, Pundits Corp., St. Paul, MN, can be 
CA, foruse with most populardesk- used to create databases and control 
top PCs. Incorporating patented liq- peripherals and the native operating 
uidcrystaleyewear.thesystemcom- system with only English language 
bines stereo electronics with an in- commands. The system uses the fast- 
frared emitter in a single package est integrated softwareavailable, and 
thatsitsatopthemonitor.Untethered includes auto indexing and field 
glasses synchronized by the emitter expansion, variable record length, 
allow any number of users to sirnul- anc * Natural Language SQL. 
taneously view the screen image. ! Fo r More Information Write In No. 71 9 
For More Information Write In No. 716 

Autodesk Inc., Sausalito, CA, has 
introduced two products that work 
with AutoCAD® to provide solid 
modeling for design and drafting of 
mechanical components and sur- 
face modeling for design of com- 
plex free-form models. AutoCAD® Kuhota Pacific Computer Inc., Santa 
Designerautomatesmechanicalde- Clara, CA, has announced the 
sign production by integrating a 3D industry's two fastest 3D graphics 
feature-based parametric solid mod- workstations. The Kenai ,M 3600 
eler into AutoCAD. Bidirectional as- midrange workstation supports a 
sociativity between solid models and maximum of 512 MB and includes 
AutoCAD drawings provides users internal slots for two 3.5" HH disks 
with dimension-driven editing dur- and one 3.5" HH removable media 
ing the design iteration process, device. The Kenai 3800 high-end 
AutoSurf M Release 2, priced at station has one gigabyte of memory 
$1500,offersNURBScurveandsur- and is designed for such applica- 
facemodelingforthedesignofcom- lionsascomputational fluid dynam- 
plex mechanical parts. ics and molecular modeling. 

For More Information Write In No. 718 For More Information Write In No. 710 

Lectra Systems Inc., Marietta, GA, 
has unveiled GRAPH 1C INSTINCT 1 ", 
an interactive intelligent sketch pad 
and electronic pen that simulates a 
fell tip marker, pencil, pen, and 
brush for natural sketching withoul 
the use of a mouse, keyboard, or 
buttons. Using visual menus and 
icons, the user can enlarge, reduce, 
modify, and erase by a touch of the 
pen. The system duplicates shad- 
ing, blending, and saturation. 

For More Information Write In No. 71 5 
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New on the Market 


A finite volume, multiblock unstruc- 
tured CFD code from Computational 
Fluid Dynamics Services, Pittsburgh, 
PA, allows users to model real fluid 
flow and heat transfer problems hav- 
ing complex geometries and phys- 
ics. Dubbed CFDS-FLOW3D, the 
program can model fully-compress- 
ible, supersonic, chemical reaction, 
combustion radiation, and multi- 
phase flows. Turbulence models 
include low Reynolds k-epsilon and 
differential Reynolds stress. 

For More Information Write In No. 711 



LABTECH Corp., Wilmington, MA, 
has introduced the Universal Driver, 
which supports over 400 popular 
real-time I/O devices lor LABTECH 
NOTEBOOK and LABTECH CON- 
TROL software. In addition to plug- 
in boards, the driver set supports 
I/O that connects via RS-232, GPIB, 
and industrial data highways. 

For More Information Write In No. 714 

DTM Corp., Austin, TX, has an- 
nounced the creation of metal molds 
and manufacturing tools using its 
SLS™ Selective Laser Sintering pro- 
cess. Known as the RapidTool '“pro- 
cess when used with metals, SLS 
technology expedites industrial de- 
sign and product development by 
enabling quick and accurate fabri- 
cation of solid, 3D objects from 
CAD/CAM/CAE-generated designs. 
For More Information Write In No. 71 2 



Dolch Computer Systems, Milpitas, 
CA, has introduced the industry's 
first Pentium'“-based, liquid-cooled 
portable computing platforms. The 

PAC-586 ,M features a full 47 MIPS 
while the A-PAC™ contains high- 
performance stereo speakers. Each 
model is equipped with five full- 
length open slots for expandability 
and can accommodate a floppy 
drive, a hard drive up to 1 GB, and 
a 5'A drive such asa Bernoulli orCD- 
ROM drive. Both portables are avail- 
able in 386 and 486 versions run- 
ning at 33 to 66 MHz. 

For More Information Write In No. 707 



The CTS-8500 series of noncontact 
position measuring systems has 

been announced by Kaman Instru- 
mentation Corp., Colorado Springs, 
CO. The units combine eddy cur- 
rent position sensing with the 
company's laser-based position 
sensing to measure nonconductive 
webs backed by a conductive refer- 
ence surface. They can configure 
web thicknesses ranging from 2.5 
mm to 60 mm. 

For More Information Write In No. 713 



Speakeasy Computing Corp., Chi- 
cago, IL, has released a PC-DOS 
version of its numerical problem 
solving software t'eaturinga vocabu- 
lary of over 1 000 words. Originally 
developed at Argonne National 
Laboratory, Speakeasy's capabilities 
include array and matrix algebra, 
econometric modeling, statistical 
analysis, linear and quadratic pro- 
gramming, differential equation 
solving, and interactive graphics. 
New features include hyper-text help 
facilities and command recall. 

For More Information Write In No. 720 

Strawberry T ree Inc., Sunnyvale, CA, 
has released WorkBench for Win- 
dows, an icon-based data acquisi- 
tion and control program. Features 
include a user-configurable mod- 
ule bar, single window setups, and 
comprehensive online help. Dy- 
namic data exchange provides real- 
time export capabilities, and a DLL 
interfaceallowseasyexpandability. 
For More Information Write In No. 708 
i-i-i-me-M-wi waiipT ITT —Til 




IT CAN MEAN HIGHER SEMICONDUCTOR YIELDS 


From the delicate positioning of optical elements in mask align- 
ers. To the calibration standard for a CVD system. A position 
sensor that resolves to better than a nanometer is crucial to your 
yield. We designed our SMg-9100 noncontact position sensor to 
meet your OEM performance needs: packaging, range, operating 
temperature, linearity, etc. Please call today for details. 


800 - 552-6267 

Kaman Instrumentation, 1500 Garden of the Gods Road, 
Colorado Springs, CO 80907 719-599-1132, Fax 719-599-1823 


KAMAN 


For More Information Write In No. 674 



“...asgoodas 
Minalex” > 


Every industry has one, a quality leader Jga 
by which that industry judges itself. In j&jfl 
precision aluminum extrusions to 3M>" ^k 
circle size and tolerances down 
to t.001", the quality standard is 
Minalex. It has been for twenty 
eight years. But who cares? 

It’s not history that defines J^k By 
leadership, it's knowing /*■' 

you can do the next job pJB ! M* 

better than everyone A K 
else. We hope that 

job - is your job. Ar A 

Call: 908 534-4044. / "V/T S 

FAX: 908 534-6788 ^ j 

for an opinion or a quote.^^^^A 

minalex^^ 

P.O. Box 247, Whitehouse Station, NJ 08889-0247 
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pump systems 



Simple design offers 

simple fluid transfer solutions. 


Peristaltic pump confines fluid within the tubing to provide: 

♦ Aseptic, noncontaminating pump chamber, 

♦ Excellent chemical resistance, 

♦ Gentle transfer of shear-sensitive or viscous fluids, 

♦ Easy maintenance for fast tubing changes and pump cleaning, 

♦ Self-priming and run-dry capabilities, 

♦ Variable flow rates from 0.6 pl/min to 45 liters/min, 
and much, much more. 



FREE! 


Over 10,000 pump 
combinations to choose 
from; each covered by a 
two-year warranty. Get 
the complete story in the 
144-page Masterflex 
Reference Book. Send for 
your FREE copy today. 



Cole-Parmer Instrument Company 

7425 N. Oak Park Ave. Niles, II 60714 

Phone: 1-708-647-7600 ♦ Fax: 1-708-647-9660 
1-800-323-4340 

For More Information Write In No. 481 






New on the Market 


ENVI™ image processing software 

from Research Systems Inc., Boul- 
der, CO, enhances analysis and vi- 
sualization of spaceborne or aircraft 
digital imagery, including Landsat, 
SPOT, Ceoscan, Daedalus, and 
hyperspectral AVIRIS. ENVI features 
flexible image output, linked dy- 
namic image overlays, array-based 
image math, and advanced analysis 
of reference spectral libraries. 

For More Information Write In No. 729 


A 40 MHz vision processor intro- 
duced by Imaging Technology Inc., 
Bedford, MA, supports complex, 
high-speed image processing in the 
VxWorks and OS/9 real-time oper- 
ating systems. The series 1 50/40 is 
well-suited for web inspection, food 
packaging and inspection, container 
and bottle inspection, and aerospace 
and defense applications. 

For More Information Write In No. 728 



Applied Concepts Inc., Wilsonville, 
OR, has unveiled the first electronic 
switch to provide both local and 
remote switching of SCSI comput- 
ers and peripherals. The SCSI Switch 
connects imaging laser printers, page 
scanners, RAID arrays, tape backup 
systems, and CD-ROMs on inde- 
pendent buses, without reconfig- 
uring cables or bus terminators. 

For More Information Write In No. 731 

Gespac Inc., Mesa, AZ, has an- 
nounced an evaluation version of 
ISaGRAF'/ a Windows program- 
ming tool to turn any PC, VME, G- 
64 or STD bus computer into a high- 
performance PLC. Priced at $175, 
the package supports five languages 
specified in the IEC-1 131 standard, 
which can be mixed within an ap- 
plication: SFC, Ladder Diagrams, 
Function Block Diagrams, Struc- 
tured Text, and Instruction List. 

For More Information Write In No. 733 



Fast, accurate, and rugged indus- 
trial robots for assembly and mate- 
rials handling have been released 
by Staubli Unimation Inc., 
Sewickley, PA. The RX 90 handles 
loads weighing 1 3-20 lbs. and has a 
985 mm reach and a six-axis repo- 
sitioning repeatability of ±0.02 mm. 
The RX 1 30 has a 40 lb. capacity, a 
1360 mm reach, and ±0.025 re- 
peatabi I ity . Both are immune to elec- 
trical interference and feature 
manual safety brake unlocking. 

For More Information Write In No. 724 

COMRAD radio transceivers from 
Communications Research and De- 
velopment Corp., Indianapolis, IN, 
allow wireless data transmission 
between computers and peripheral 
devices. Using a 900 MHz radio 
band, the units exchange data at a 
range up to 200 ft. inside buildings 
and a third of a mile in unobstructed 
areas. Users can transfer files be- 
tween computers, control data ac- 
quisition and laboratory equipment, 
share a plotter, and simultaneously 
receive and transmit data. 

For More Information Write In No. 726 



Linear/nonlinear finite element 
analysis software from MARC Analy- 
sis Research Corp., Palo Alto, CA, is 
available for the CHALLENGE™ 
symmetric multiprocessing super- 
computers from Silicon Graphics. 
The program features automated 
contact analysis, reduced integra- 
tion elements using hourglass con- 
trol, and an extensive library for 
modeling materials with nonlinear 
properties. Subroutines allow the 
user to customize geometry, loads, 
and boundary conditions. 

For More Information Write In No. 734 
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New on the Market 


Intergraph Corp., Huntsville, AL, has 
introduced Interplot, a series of net- 
work plotting products for high- 
volume CAD environments. Run- 
ning under Windows NT, IPLOT 
and APLOT software enhance 
MicroStation and AutoCAD, respec- 
tively, with accelerated plot sub- 
mission and advanced plot custom- 
ization. Theseriesalso includes plot- 
ter drivers and a plot server featur- 
ing 32 MB of memory and a 540 MB 
or 1 CB SCSI disk drive. 

For More Information Write In No. 723 



PHOENICS-2 computational fluid 
dynamics software from Phoenics 
North America, Atlanta, GA, incor- 
porates models for turbulence, sur- 
face-to-surface radiation, and stress- 
strain analysis with fluid flow and 
heat transfer. Options include a con- 
jugate gradient solver, a colocated 
velocity option, and improved multi- 
blocking and fine-grid embedding. 
PHOENICS-2 can incorporate data 
from all CAD and PEA packages. 
For More Information Write In No. 732 
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PC-controlled, high-voltage switch- 
ing power supplies from Bertan H igh 
Voltage, Hicksville, NY, have out- 
puts of 100, 200, or 300 W and 
voltage outputs from 0-500 V up to 
0-60 kV. A "virtual instrument" front 
panel, written in LabView for Win- 
dows, permits users to monitor and 
control power supply parameters 
including voltage, current, and 
power output. 

For More Information Write In No. 721 


IWIKA Instrument 
Corp., Lawrence- 
Iville, GA, has intro- 
jduced a line of OEM 
pressure transmitters 
for hydraulics, pneu- 
jmatics, HVAC, con- 
jstruction, and other 
industrial uses. Model 
1891 .24.540 transmit- 
ters feature thin-film 
technology for pressure ranges of 0- 
600 to 0-15,000 psi. Model 
89 1 . 1 4.540 transmitters use a piezo- 
resistive sensing element for abso- 
lute and gage-referenced pressure 
ranges 100IN WC to 400 psi. 

For More Information Write In No. 722 



Byte Dynamics Inc., Spokane, WA, 
has released Fuzzy Logic De- 
signer™, Windows-based software 
that generates portable C source 
code for sophisticated rule-based 
analysis or control. Input and out- 
put membership functions and their 
relationships are depicted graphi- 
cally. A simulation mode can illus- 
trate a design's response to multiple 
input parameters. 

For More Information Write In No. 730 



Innovative glass-ceramic technol- 
ogy from Ceramaseal, New Leba- 
non, NY, offers increased environ- 
mental resistance, design flexibility, 
and miniaturization capability for 
manufacturing high-performance 
connectors and feedthroughs. A 
proprietary reflow process allows 
powdered preforms to fuse to a 
component's hardware, resulting in 
a hermetic seal that also compen- 
sates for small inconsistencies in the 
connector walls. The company has 
used the material to create single- 
pin miniature feedthroughs and 50- 
pin cryogenic connectors. 

For More Information Write In No. 727 



IXYS Corp., Santa Clara, CA, has 
unveiled a fast recovery epitaxial 
diode for use in switching power 
conversion and motor drivecircuits. 
The new HiPerFRED™ has a voltage 
range of 1000 V, a fast switching 
speed (t„=30 nsec), a 1 3 KW ava- 
lanche power rating, low leakage 
current (l li =20pA), and a soft recov- 
ery factor of 1 . 

For More Information Write In No. 725 



ADHESIVE HAS 
3X HIGHER 
THERMAL CONDUCTIVITY 

Assures Unexcelled Heat Dissipation 
27 BTU/hr/ft 2 /in/°F 


MASTER BOND POLYMER SYSTEM EP21AN 


100% reactive-does not contain solvents 
or other volatiles ■ Excellent adhesion 
to similar and dissimilar substrates 
I Remarkable electrical insulation 
characteristics ■ High physical 
strength properties ■ Resists vibra- 
tion, impact & shock ■ Outstand- 
ing dimensional stability and 
durability ■ Superior resistance 
to water, fuels and other 
aggressive chemicals 

Convenient packaging 

For Information, 
call or write 
Master Bond Inc, 
154 Hobart St. 
Hackensack, NJ 07601 
201-343-8983 

Master Bond Inc. 

Adhesives, Sealants & Coates 

For More Information Write In No. 577 



12 BIT, 20 MSPS A/D < $5K 



Fastest LabVIEW 
compatible A/D cards 
. in the world 




Gage Applied Sciences Inc., the recognized world leader in ultra-fast 
PC based data acquisition and instrumentation, presents the 
CompuScope family : 

20 MSPS A/D at 12 bit resolution, 65 dB dynamic range 
Up to 100 MHz A/D rate at 8 bit resolution 
On-board memory up to 8 megasamples 
FREE GageScope software. Winner of BEST IN TEST 1993 
Multiple cards can provide up to 32 simultaneous channels 
C, Pascal. BASIC drivers, Windows DLL etc. 

CSLITE 8 bit / 40 MSPS / 1 6K $595 

CS220 8 bit / 40 MSPS / 256K $1 ,995 

CS250 8 bit / 1 00 MSPS / 32K $3,500 

CS1012 12 bit / 20 MSPS / 512K $4,995 


CALL 1 -800-567-GAGE 

Gage Applied Sciences Inc. 

5465 Vanden Abeele. Montreal. Quebec, Canada H4S 1S1 
From outside North America, call ♦ 1-514-337-6893 
Fax : (514) 337-8411. BBS : (514) 337-4317 


Inquire about our D/A cards 


GciGg 
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NEW PRODUCTS. 
NEW APPLICATIONS. 
NEW BROCHURE. 

Send for your FREE copy today! 

B* illbruclc 

Minneapolis, Minnesota 

1 - 800 - 662-0032 

( 612 ) 520-3620 

For More Information Write In No. 596 


Since 1913 


BUSHINGS 

WORK 

-Where Others Won't! 


if? 


A Graphite / Metal Alloy: 

1) Self-lubricated... no oil, no fumes, 
odor or sparking. 

2) Low/High temperature... minus 400°F. 
to over 750°F. 

3) Low coefficient of friction... solid 
GRAPHALLOY throughout. 

4) Submerged... no expansion or wash- 
out in most liquids even to molten metal 

5) High Loads. Will not cold flow. 

6) No Corrosion. Withstands most 
environments. 

7) Low coefficient of thermal expansion. 

8) High Speeds... for pumps, centrifuges. 

What’s YOUR Bearing PROBLEM? We have SOLUTIONS! 

GRAPHITE METALLIZING 

CORPORATION 

1050 Nepperhan Avenue, P.O. Box 110, YONKERS, NY 10702 U.S.A. 

Tel: 914-968-8400 ■ • FAX: 914-968-8468 



New Literature 


A 544-page guide to dc and low- 
frequency metrology has been pub- 
lished by Fluke Corp., Everett, WA. 
Designed for both beginning and 
experienced metrologists. Calibra- 
tion: Philosophy in Practice includes 
sections on primary and secondary 
standards, calibrators and calibra- 
tion, statistics, practical consider- 
ations, and laboratory management. 
For More Information Write In No. 738 


Engineering Measurements Co., 
Longmont, CO, has released litera- 
ture describing its vortex shedding 
and insertion vortex flowmeters 
Vortex meters are available up to 
1 2" diameters with optional redun- 
dancy. Insertion vortex meters offer 
the advantages of in-line vortex 
meters at high pipe sizes and/or in 
the same holes where insertion tur- 
bine meters are currently installed. 



A 94-page pocket reference guide 
to PC-compatible hardware and 
software is available from Industrial 
Computer Source, San Diego, CA. 
The quick-reference compendium 
of commonly needed facts and fig- 
ures discusses diagnostic codes, 
CPU summary, XT and AT add-on 
card dimensions, BIOS entry points, 
DOS keystrokes, keyboard scan 
codes, and ASCII control codes. 
For More Information Write In No. 747 


For More Information Write In No. 735 

A 320-page catalog of engineering 
findings from Small Parts Inc., Mi- 
ami Lakes, FL, showcases hard-to- 
lind components, materials, and 
precision tools. Featured products 
include stainless steel hypodermic 
tubing and guide wire, nylon cloth, 
tygon and PEEK tubing, stainless 
steel luer fittings, gas springs, linear 
motion slides, fiberglass structural 
shapes, and spring release hinges. 
For More Information Write In No. 741 



A self-study guide to the theory, 
operation, design, and construction 
of oscillators has been published by 
the TAB Books division of McGraw- 
Hill Inc., Blue Ridge Summit, PA. 
Mastering Oscillator Circuits 
through Projects and Experiments 
provides working knowledge of dc 
power supplies, relaxation and feed- 
back oscillators, monostable and 
astable multivibrators, and both 
audio and RF sine-wave oscillators. 
For More Information Write In No. 743 


Viatran Corp., Grand Island, NY, 
has released a technical note en- 
titled Pressure, Its Unit ot Measure 
and Pressure References. The book- 
let reviews the relationship of pres- 
sure to temperature, Boyle's Law, 
and Charles's Law, and explains the 
most commonly used pressure ref- 
erences:absolute, gage, sealed gage, 
vacuum, and differential. Tables 
provide equivalents of 1 psi and 
pressure unit conversion constants 
For More Information Write In No. 748 



An engineering guide from Tricon 
Industries Inc., Lisle, IL, explains the 
principles, advantages, and design 
considerations associated with in- 
sertmolding Throughcutawaysand 
exploded views of conventional and 
insert-molded electrical and elec- 
tronic components, the literature 
identifies ways to reduce parts 
counts, eliminate assembly steps, 
and maximize design integrity. Ap- 
plications include connectors, in- 
terconnects, circuit devices, multi- 
functional switches, rotating sen- 
sors, and contacts. 

For More Information Write In No. 74b 
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New Literature 


Application Guide 



setra 


An eight-page application guide 
from Setra, Acton, MA, is designed 
to assist in the selection of high- 
accuracy pressure transducers and 
transmitters for such applications 
as HVAC/R, industrial process con- 
trol, and OEM environments. The 
guide provides a data sheet on me- 
dia compatibility, pressure ranges, 
accuracy, and thermal effects, as 
well as a pressure conversion chart. 
For More Information Write In No. 737 


A line of precision sensors and in- 
struments providing an integrated 
system for experimental modal 
analysis i s showcased i n a new gu ide 
from PCB Piezotronics Inc., Depew, 
NY. It features the high-resolution, 
lightweight Flexcel® sensors for ac- 
curate multichannel measurements. 
The sensing system reduces total 
test time, simplifies bookkeeping, 
automates channel identification, 
and reduces the overall cost of test- 
ing, according to the manufacturer. 
For More Information Write In No. 739 


Welch 



DirecTopr 

VACUUM PUMPS 


Welch Vacuum Technology Inc., 
Skokie, IL, has published a brochure 
describing its DIRECTORR® series 
of direct-drive vacuum pumps. They 
feature a nonfl uctuati ng vacuum and 
antisuckback valve protection. A 
special section describes pumps and 
accessories for laboratory applica- 
tions of gel drying, rotary evapora- 
tion, and vacuum filtration use. 

For More Information Write In No. 745 


PICO Electronics Inc., Mt. Vernon, 
NY, has released a catalog high- 
lighting new 1 00 W dual-output dc- 
dc converters, transformers, and 
inductors in surface mount and plug- 
in. Also featured are dc-dc conver- 
tors with input voltages from 1 8 to 
380 Vdc and output from 3.3 to 1 00 
Vdc. The units are protected against 
over-voltage, over-temperature, and 
short-circuiting. 

For More Information Write In No. 740 


A catalog of high-performance PC- 
based instruments from Gage Ap- 
plied Science, Montreal, Quebec, 
features the CompuScope 1 01 2, the 
industry's fastest 12-bit A/D card. 
Multiple cards can be used in a 
master/slave configuration to achieve 
20 MSPS, 12-bit sampling on up to 
eight simultaneous channels, with a 
common clock and trigger. 

For More Information Write In No. 742 



A 300-page electronic components 

catalog published by Digi-Key 
Corp., Thief River Falls, MN, fea- 
tures more than 1 300 new products. 
Manufacturers include Amp, Ass- 
mann, E-Switch, Injectorall Electron- 
ics, International Rectifier, Jewell, 
Linear Technology, National Semi- 
conductor, Memcor-Truohm, Micro- 
tran, Needham's Electronics, Pana- 
sonic, Power-One, and Raychem. 
For More Information Write In No. 736 


Analytical software and books are 

highlighted in literature from Pali- 
sade Corp., Newfield, NY. Combin- 
ing both catalog and educational 
booklet, the publication addresses 
risk analysis, solvers, forecasting, 
decision trees, neural networks, pref- 
erence tools, and financial software. 
For More Information Write In No. 744 



Strawberry Shortcut. 

To Data Acquisition & Control. Windows,™ Mac, or DOS. 




i inJ. 


— 



-ss 

bU.-j. 




i 


Connect. 



That’s it! With Strawberry Tree’s powerful 
WorkBench Data Acquisition & Control Software, 

even the most elaborate applications are up and 
running in a matter of minutes. No training. 

No programming. No hassles. 

Just load WorkBench on your Windows, Mac, 
or DOS-based system and you’ve got the most 
valuable shortcut to productivity you can imagine. 
In fact, the hardest thing about WorkBench is 
believing how fast and easy it gets the job done. 
So, let us show you. Call 1-800-736-8810 and we’ll 
send you free demonstration software and literature. 




Strawberry Tree 

Data Acquisition So Smart, It’s Simple 


160 Sadi Wolfe Road Smmywk, California 94066 (408) 73&8800 Fax (408) 736-1041 Applehnk D0345 

The SfraW*rr> Tree bff) n a registered trademark, and WorkBench and Strawberry Tret an trjdrmarte of Strawberry 
Tret Incorporated Mac is a trademark of Apple Computer, Inc Wirvkws u a trademark and Sbcrmoft9 if a reffstered 
trademark of Microsoft Corporation 
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MARKETPLACE 


To Advertise — Call (212) 490-3999 





Ken Bahl ■ 1 10« W Evelyn Aye . Sunnyvale. CA 94086 
PnomM-kWiT.IAVI IT FAM-MWi?" H« Modemi408)7'5 OMI 


For More Information Write In No. 405 


RS232 Direct Into 
Any PC Program 



Read Real-Time Data from Any Serial Device 
into Any Application -Lotus, dBASE, Excel, etc.. 
Full 2-way I/O with many advanced features. 

No Hardware or Programming Required! 


The Software Wedge 

The Ultimate Data I/O Solution 

For Free Info. Call 800-722-6004 

DOS ver. $129, Windows ver. $199. Pro ver. Available 

C3|nn TA.L Enterprises, 2022WalaceSt, 
UlXjU PbfedepNa, RA 19130. (215) 763-2620 


For More Information Write In No. 410 



4MEG 
VIDEO 
Model 12 

Flexible Image Capture. 
Processing. & Display 
Board tor the PC 

■ 8.000 - 4 Pixels per Line 

■ 16.000-1 Lines/ Image 

■ 50MHz - 2 MHz Sampling 
& Display Rate 

■ Configurable 64 16, or 
4 MB image Memory 

■ On-Board DSP 

■ Programmable Non- 
Standard, RS-170. & 
CCIR Video Formats 

■ Area or Line Scan Input 

■ Extensive Software 

mBP\x, 

381 Lexington Drive 
Buffalo Grove, IL 60089 
Tel /708 465 1818 
Fax/708 465 1919 
Ci«M-EPlX.inc.. USA 



fROLyn 


FREE! 

130 

Page 

Catalog 


“Optics 

for 

Industry” 


Free 130 page product catalog from Rolyn, 
world’s largest supplier of "Off-the-Shelf" optics. 
24-hour delivery of simple or compound lenses, 
titters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod- 
ucts and coatings in prototype or production 
quantities. ROLYN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 


For More Information Write In No. 408 



*11,000 fiat 
washer sizes available 
without tooling charges. 
•Metals or plastics: 2 000 
1 materials with troceability. 
L • Superior quality 
■ since 1919, 

X • Fast quotes -call NOW 

1-800-WASHERS 

(I -800-927-4377) 


3104 Snelling Avenue, Minneapolis MN 55406-1937 
Phone. 61 2-729-9365 FAX 612 729-8910 


For More Information Write In No. 409 



RUGGED, HIGH PERFORMANCE AND 
LIGHT WEIGHT SYSTEM WITH 
FLAT PANEL VGA DISPLAY 

ST-3000EL STANDARD FEATURES INCLUDE: 

• 12 SLOT PASSIVE BACK PLANE. 300W POWER SUPPLY 

• 80486DX CPU CARD AT 50/66 MHZ. UP TO 32MB RAM 
•640X480 RESOLUTION, 16 GRAY LEVELS, 10" AMBER 

ELECTROLUMINESCENT DISPLAY 

• 1 .2 MB AND 1 ,44MB FLOPPY DRIVES. DUST PROTECTED 
•FIXED OR REMOVABLE HARD DISK FROM 80MB TO 1 2GB 

FULLY SHOCK AND VIBRATION PROTECTED 

• 2 SERIAL AND 1 PARALLEL PORTS. MS DOS 6.0 

ALSO AVAILABLE WITH PASSIVE OR ACTIVE COLOR LCO VGA 
DISPLAY AND 80386DX/SX CPU CARDS IN VARIOUS AND CUS- 
TOM CONFIGURATIONS. FOR FURTHER DETAILS CONTACT 
IBI SYSTEMS INC. 6842 NW20AVE 
FT. LAUDERDALE. FL 33309 
305-978-9225 FAX: 305-978-9226 

For More Information Write In No. 592 


Low Cost 
Miniature 



Save time. 
Save money. 


Our wide range of 
C-programmable min- 
iature controllers are ideal for 
control applications, data acquisition, and test 
and measurement. Compact and low in price (the Little 
PLC™ above is 2"x 3* and 5195), these controllers are pro- 
grammed with our easy-to-use Dynamic C™ development 
system. Our controllers feature digital I/O, ADCs and DACs. 
relays and solenoid drivers, RS232 and RS485 serial ports, 
battery-backed memory and time/date clock, LCDs, key- 
pads. enclosures and more! 

1724 Picasso Ave. 

24-Hour AutoFax Davis. CA 95616 
916.753 0618 Call 916.757.3737 
from your FAX 916.753.5141 FAX 


For More Information Write In No. 418 



Spring-Energized Seals 

for Low and High Pressures 


• Low friction, chemically inert 
Turote* seal compounds 

• Vacuum lo 30000+ psi 

• -350 to +575°F 

• Standard, metric and custom sizes 

• Call 1 -800-466-1 727 for information 

American Variseal 

P.O. Bo* 1479 
510 Burbank Street 
Broomfield. Colorado 80038 
Fax:303-469-4874 


For More Information Write In No. 416 



A calendar featuring breathtaking four-color photographs of the space 
shuttle m action phoios taken by the crew of a space shuttle mission, 
views of the earth and morel Dates and space launches from the 1960s 
to present Included Pnnted on deluxe coated stock wtth laminated 
colorful covers Only $10.95 


Send NASA CaJendar(s) at SI 0.95 each (quantity) 

Add $5.00 for shipping and handling charges 

(NY ro*jdont» add uM tax) 

Ordan from $51 00 to S100 00 add shipping 

and handhng charge $8 SO TOTAL ENCLOSED 

Name 

Company 

Address 

City/State/Zip 

Mail to: NASA Tech Briefs, Dept. F. 41 East 42nd St . • 921 

New York, New York 10017 
For credit card orders call (212) 490-3999 
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MARKETPLACE 



DISPLAY & RECORD 
MULTIPLE VIDEO SIGNALS 


Watchdog® displays multiple video or FLIR 
signals on a high resolution monitor, up to 
1280 x 1024 pixels. Each signal is displayed in 
a scaleable window and can be integrated with 
computer-generated images. The signals can 
also be recorded on a single VCR. Applications 
include security, simulation & training, robot- 
ics and command-and-control. 

RGB Spectrum® 

Tel: (510) 814-7000 Fax: (510) 814-7026 


For More Information Write In No. 553 

8.5" thru 29" 
Custom Monitors 



Modgraph, Inc. offers custom configured 
monitors ranging in size from 8.5'' to 29". 
Touch Screens, 12/24/48 Volt DC power, 
industrial enclosures, open frame models and 
rackmounts are available for most display 
sizes. Contact us to discuss your custom or 
OEM requirement. Modgraph can be 
reached at 1-800-327-9962. Modgraph, 
Inc., 6 Gill Street, Woburn, MA 01801. Tel: 
617-938-4488. Fax: 617-938^455. 


For More Information Write In No. 554 


Sony Trinitron® 

HIGH RESOLUTION 

Color Monitors 



Automatically match 
INPUT TO FULL RANGE OF 
RESOLUTIONS FROM 
640 X 480 TO 1 600 X t 280. 

Plus, internal Sony 
Display Memory System 
PROVIDES 9 PRESET AND 
IS CUSTOMIZED 
ADJUSTMENT MODES. 


Latest models: 
Flat Screen 
MULTISCAN® RGB 
FOR SUN. DEC. 
HP. PC. Mac. 

AND OTHER 
Workstations 


Full Warranty 


Tilt/Swivel or OEM 
Custom Rack Mount 
and Touchscreens 
Available 



800 662 5606 


SByjkNCEbilDlP TECHNOLOGIES 

237 Cedar Hill St. • Marlboro. MA 01752 


For More Information Write In No. 549 


vertisers Index 


I, 



...(RAC 323)* 

102 


...(RAC 632) 

17 


(RAC 3071 

100 

10 Tech 

...(RAC 453) 

69 

Accurate Screw Machine Company 


Ironwood Electronics 

...(RAC 350) 

104 

(RAC 328) 


102 


...(RAC 674) 

109 


...(RAC 365) 

105 


...(RAC 664,349) .. 

13,104 


..(RAC 516-521) 

79 


...(RAC 445,355) .. 

29,104 

Advanced Pressure Products 



Kollmorgan Inland Motor 

...IRAC 580) 

19 

(RAC 303 ,304,367 ,368) 


100,105 


...IRAC 686) 

85 


(RAC 549) 

115 




...(RAC 612) 

23 

(RAC360I 


105 


...(RAC 362) 

105 


...IRAC 3161 

101 

Algor, Inc 

...(RAC 566,3081 

9,100 

The MacNeal-Schwendler Corporation 



...(RAC 300,301). 

100 

IRAC 526) 


11 


...(RAC 532,416) 

108,114 


...(RAC 698) 

22 

ANAFAZE, USA 

...(RAC 3591 

105 

Magnetic Shield Corp 

...(RAC 325) 

102 


...(RAC 369) 

106 


...(RAC 344,577) .. 

....103,111 


...(RAC 334) 

103 


...(RAC 485) 

71 

Apple Rubber Products, Inc 

...(RAC 476) 

57 

The MathWorks, Inc 

...(RAC 578) 

1 

Applied Test Systems, Inc 

...(RAC 3061 

100 

The Mayline Corporation 

...(RAC 335) 

103 


...(RAC 591) 

116 


...(RAC 347,348)... 

104 

Astro-Med. Inc 

...(RAC 5641 

77 


IRAC 536) 

108 

Ball Screws & Actuators Company Inc. 


Merlin Engineering Works 

...(RAC 679) 

81 

(RAC 337) 


103 

Metrum, Inc. 




...(RAC 358) 

105 

(RAC 574,575,559,560) 


3,45 

Bayside Controls Inc 

...(RAC 361) 

105 

Microway 


47 

Belt Technologies 

...(RAC 695) 

94 

Mid-West Express 

...(RAC 330) 

102 


...(RAC 302,409) 

100,114 


...IRAC 529) 

109 


(RAC 3781 

106 


IRAC 680) 

81 

Cole-Parmer Instrument Company 


Mitchell and Gauthier Associates, Inc. 


(RAC 508,343.4811 


.67,103,110 

(RAC 626) 


41 

Computer Associates 

...(RAC 621) 

2 

Modgraph, Inc 

...|RAC 554) 

115 


...(RAC 682) 

83 


...IRAC 3321 

102 

Conap, Inc 

...(RAC 340) 

103 

National Design Engineering Show 



...(RAC 372) 

106 

(RAC 670) 


97 

Concurrent Computer Corp 

...(RAC 342) 

103 

National Instruments 

...(RAC 628,346).C0V 11,104 

Contemporary Cybernetics 

...(RAC 548) 

7 

New England Affiliated Technologies 


CyberOptics Corporation 

...(RAC 609) 

75 

(RAC 333) 


102 

Daedal Division, Parker Hannifin Corporation 


Odetics 

...(RAC 4001 

12 

(RAC 356) 


104 


...(RAC 336) 

103 


...(RAC 463) 

25 


..(RAC 449) 

68 


...(RAC 690) 

90 

Paul N. Gardner Company, Inc. 

...(RAC 326) 

102 


...(RAC 317) 

101 


...(RAC 613) 

80 


...(RAC 341) 

103 


...(RAC 321) 

101 


...(RAC 461) 

5 


...(RAC 366) 

105 


..(RAC 381 1 

105 


...(RAC 457) 

116 


(RAC 3181 

101 


...(RAC 6961 

95 


IRAC 472-474 673! 51 53 


..(RAC 689) 

89 


...(RAC 322) 

102 


...(RAC 312) 

101 


...(RAC 319) 

101 


...(RAC 678,553) .. 

10,115 

EPIX 

...(RAC 407) 

114 


...(RAC 408) 

114 

Equipto Electronics Corp 

...(RAC 311) 

101 

Science Accessories Corp 

...(RAC 479) 

43 


...(RAC 660) 

.33 


...(RAC 405) 

114 

Fluke Corporation 

...IRAC 585) 

21 

SouthCo 

...(RAC 556-557).. 

73 


...(RAC 687) 

85 


102 


...|RAC 525) 

34 


(RAC 608) 

113 

Frequency Electronics, Inc 

...IRAC 623) 

C0V III 

Structural Research and Analysis Corporation 


Gage Applied Sciences, Inc 

...IRAC 5941 

Ill 

(RAC 357) 



104 

General Magnaplate Corp 

...(RAC 324) 

102 

Surface Combustion, Inc 

...IRAC 345) 

103 

Gould Instrument Systems, Inc. 

...(RAC 494) 

C0V IV 

The Swagelok Companies 

...(RAC 420) 

35 


...(RAC 659) 

112 


...(RAC 599) 

49 


...IRAC 331) 

102 


...(RAC 310) 

101 


...IRAC 352) 

104 


...(RAC 339) 

103 


...(RAC 447) 

62-63 


...(RAC 410) 

114 


IRAC 3131 

101 


...(RAC 614) 

4 

Hughes Electron Dynamics Division 


Technology 2003 Proceedings.. 


96 

(RAC 305) 


100 



21 

IBI Systems, Inc 

...(RAC 592) 

114 

TrueTime, Inc 

...(RAC 315) 

101 


...(RAC 351,596) 

104,112 


...(RAC 375) 

106 

Illinois Instruments Inc 

IRAC 314) 

101 

United Electronic Industries 

(RAC 691) 

91 


55 


...IRAC 656) 

96 


...(RAC 320) 

101 

VAC0A 

...(RAC 363,364)... 

105 


(RAC 4321 

59 

VIGYAN Inc 

(RAC 338) 

103 


86 


...(RAC 569) 

48 

Instrumented Sensor Technology 


W.M. Berg, Inc 

. (RAC 353,3541... 

104 

(RAC 694) 


93 


(RAC 593) 

38-39 


IRAC 6381 

37 


...(RAC 692-693).. 

93 

Integrated Engineering Software Inc. 


Z-World Engineering 

...IRAC 418) 

114 

(RAC 467) 


61 

Zygo Corporation 

...(RAC 327) 

102 


•RAC stands for Reader Action Card. For further information on these advertisers, please write in the RAC number on 
the Reader Action Card in this issue. This index is compiled as a service to our readers and advertisers. Every precau- 
tion is taken to insure its accuracy, but the publisher assumes no liability for errors or omissions. 


NASA Tech Briefs, February 1994 


115 






AUTOMATE NOW! 



♦ Connects to your PC printer port 

♦ Get up and running in 10 minutes! 

♦ Only $460 for complete dual axis system 

♦ Includes motors, driver, software, cables 

♦ Includes Basic & C language libraries 

♦ Extensive technical documentation 

♦ Larger systems available, size 23 & 34 

♦ Integrate with data acquisition products 

♦ 30 Day money back guarantee 



♦ 1 8” XY table only $799 

♦ Use with any size 23 motor 

♦ X, XY & XYZ configurations available 

♦ XYZ robotic workcells under $2500 

(_AR_RICKj 

Free Information - Call Now 

Ph: (817) 571-4528 Fax: (817) 571-2317 

P.O.Box 1574 Hurst, TX 76053 USA 

For More Information Write In No. 591 


The Technology Connection 


To Advertise Call (800) 944-NASA 




Engineering & 
Scientific Softicare 

1 ■ 

Databases! Information Services 




Engineering, Scientific 
& Technical Software 

Free Catalog! 

Call 1.800.622.3345 

Software for Science is your 
source for the best value in 
engineering, scientific and 
technical software. 

More than 1 ,000 products. 


1.312 472 0444 
1.312.472 0472 


2231 N Clytjoum Ave 
Chicago. IL 60614-3011 


Technologies for 
Transfer 


HANDWHEELS, 
KNOBS & 
HANDLES 


uns 


Q- 101 Rated Manufacturer 
Telephone: 800/537 4367. Ext. 242 
Fax: 216/481-6193 


Now There’s A Fast & Easy Way 
To Search 30 Years Of NASA 
Technology Breakthroughs 

Introducing 


NTB:0NLINE 


New from the publishers of NASA Tech Briefs: 
the first and only online database containing all 
1 5,000+ technical briefs generated by NASA over 
the past three decades. Using NTB:ONLINE’s 
vast resources, you can instantly search NASA’s 
vast resources to find ready-made solutions to 
your engineering problems and novel ideas for 
new products. Searching and receiving info takes 
seconds, from one-key log-on to downloading of 
your search results. You can print or save lists of 
titles or full reports from the pull-down menu. 

For more information call 
Knowledge Express Data Systems 
at (800) 248-2469 or write in no. 439 


Inventions 


Biker’s Delight Signal Light 

A novel bicycle safety unit alerts traffic and pedestrians to a bicyclist's 
presence. The rear of the bike is illuminated to warn approaching traffic 
and signal lights can indicate left and right turns. An adjustable mount- 
ing bar provides high visibility at great distances and can be suited to die 
needs of the rider. The 
practical, easy-to-use de- 
vice can easily be trans- 
ferred from one bicycle to 
another. It is the only bicy- 
cle lighting system de- 
signed for daytime use. 

Contact: John Izzo. Sr.. 

56 Richmondale Avenue, 

Westport, CT 06880. 

Tel: 203-227-7815. 




Technology 2004 
November 8-10, 
1994 Washington. 
DC, Convention 
Center 
• 

For information on 
attending or exhibit- 
ing at this premier 
showcase of new 
technology, call 
(800) 944-NASA. 
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MODULAR DC-DC CONVERTERS 

WITH SINGLE, DUAL OR TRIPLE OUTPUTS 


These STANDARD DC-DC converters offer up to 20 
watts of power in a small aluminum case and can 
easily be modified to meet YOUR SPECIFIC 
REQUIREMENTS. The FE-280A Series offer many 
important features including: 

• Small Size: 3.5 x 1 .56 x 0.6 in. 

• Light Weight: 3.5 oz. 

• Radiation Hardened 

• Tight Regulation: to 1% 

• BUS Voltage: 20 to 46 VDC over a 35% range 



• Input to Output Isolation: 1 megohm 

• On/Off from command line 

• Reverse Polarity Protection 


Depend on FEI... send for 
specifications today. 


FREQUENCY ELECTRONICS, INC. 

55 Charles Lindbergh Blvd., Mitchel Field, NY 11553 
516-794-4500 • FAX: 516-794-4340 

For More Information Write In No. 623 








The screen on our 
new recorder is so big, 
this may be all 
thats missing. 



Ready for some real wide-screen excitement? 

The real-time monitor on the Gould TA6000 thermal array 
recorder is a full 50% larger than competitive monitors! 

That means you get a clearer view of details as they occur — 
from 8 to 64 channels of waveforms. Scrolling speeds range 
from 0.0 1 to 200 mm/s, either synchronized or non-synchronized 
with the chart paper. And an optional high resolution color 
monitor is available to view waveforms up to 100 feet away. 

But the show doesn’t stop there. With the TA6000 recorder, 
setup is vastly improved: It’s simpler since you don’t have to 
run the chart, while basic recorder control is accomplished with 
easy-to-use pushbuttons and touchscreen menus. 


This allows faster and more reliable test setups, 
and can generate greater productivity. 

There are more reasons why the TA6000 is getting “thumbs up” 
reviews from everyone who sees it: The modular design is expand- 
able, with an optional internal hard drive for signal capture that can 
range from 210 megabytes to 1 gigabyte. RS-422 and IEEE-488 
communication ports are standard, and four dedicated slots are 
available for signal conditioning modules so you can expand 
without sacrificing functions. 

The TA6000 is one feature presentation you don’t want to miss. 
Call us today for more details at -w 
(216) 328-7000, or mail or fax m ? GOULD 
this coupon to (216) 328-7400. Instrument Systems 



Send this coupon and we'll bring the TA6000 and the popcorn! 

□ Yes, I’d like a Gould sales representauve to visit with a product 
demonstration of the TA6000! 

□ My needs are more shon term at this time. Please send me information 
on the advantages of renting from GE Rental/Leasing (1-800-GE-RENTS). 

Name: 


Title: 


Company: 

Address: 


City: State: Zip: 

Telephone: Fate 

Mail this coupon to the address below or fax it to (216) 328-7400 

Gould Instrument Systems. Inc., 8333 Rockside Road. Valley View. OH 44125. 

Phone: (216) 328-7000. 

NTB 2/94 
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